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The purpose of this research was to investigate how effective item-level Radio Frequency Identification 
(RFID) tagging would be using current RFID technology as a replacement for barcodes in a 
supermarket/grocery store environment.  
To accomplish this, an experiment was be performed that utilized commercially available RFID 
technology. Passive Ultra High Frequency (UHF) RFID Tags were affixed to various grocery store items of 
different material categories (Food, Metal, Plastic, Liquid, and Glass), and placed in a metal shopping cart. 
Eight (8) antenna arrangements were created, comprised of different combinations of four (4) antennas 
in different locations around the cart.  
The experiment was performed in four phases: 
1. Pilot Test – Five (5) tagged items were placed in the center of the cart individually and scanned 
with all eight (8) antenna arrangements. Statistical analysis revealed the top performing antenna 
arrangements performed nearly identically.  
2. Material Interference Testing – Determine if materials would interfere with the legibility of 
other tags in the cart. The results indicated Food and Plastic items became more detectable 
when placed in proximity to other objects, while Glass and Liquid items because less detectable.  
3. Location Test – Items from each category were placed in different locations in the cart and 
scanned. This test showed an improvement in detectability when compared the Pilot Test, and 
no discernable bias in performance between the different locations. 
4. Full Cart Demonstration – Ten (10) shopping carts of items were scanned, and detection rates 
calculated. It was found a shopping cart full of tagged items had a 76.36% average detection 
rate, largely missing on the metal and liquid Items. 
For item-level RFID tagging to be successfully implemented into a grocery store environment, the major 
shortfall of the tag’s detectability when affixed to metals and liquids needs to be addressed. A larger 
number of antennas should be used in a practical application to limit the chance the RFID tag is missed, 
and measures should be taken to limit material interference from items being placed between other 
items and the antenna. According to the experiment, accommodating these factors would increase the 




Chapter 1. Introduction 
Every grocery store in the world has one thing in common: They all rely on barcodes for managing 
inventory. It is understandable as to why, though; barcodes are cheap to print and difficult to manipulate. 
However, the technology has been in use for over 50 years with little revision. A possible improvement to 
this system could be to utilize item-level tagging with RFID. Since RFID tags can be read without line of 
sight, cheap, wireless tags could be used to improve inventory tracking and checkout times for customers 
by eliminating the need to select and individually scan each item.  
The idea has been considered in the past, but item-level tagging hasn’t been widely implemented in 
this kind of setting largely due to cost. However, the question remains: Could RFID be used in a 
supermarket or grocery store setting to improve checkout times?  
Since the time difference it takes to scan a shopping cart full of barcodes would in theory be much 
greater than scanning the whole cart at once with RFID, this project focused on the efficacy of using 
current RFID technology in an item-level tagging scenario to improve the operations of a checkout stand.  
To determine this, this project focused on the following topics: 
1. What arrangement(s) of RFID antennas most effectively and reliably read all contents in a 
grocery cart?  
2. Would there be any material obstacles to overcome (i.e., metal objects with tags)?  
3. Are there any locations in the cart that harm the readability of the tags? 
4. Practically speaking, if a cart is full of items with RFID tags on them, how well would it detect 
those items? 
Background 
In 1974 the barcode was first implemented with a pack of Wrigley's Gum, bringing with it the convenience 
of speedier and more accurate checkouts, faster and more accurate stock keeping, and a greater ability 
to track what individual customers were buying, as well as the trends in their buying habits [1].  
While it brought great progress to the stock keeping and sales processes, there are several drawbacks. 
For one, a barcode must be in a direct line of sight with the scanner and must be within a certain range of 
it to read (typically about 6-12 inches). This means the item must be in a very particular orientation, 
otherwise it can't be scanned. Additionally, only one item can be scanned at a time.  
These faults combined lead to the most dreaded of problems: A long line at the checkout counter. 
Furthermore, the repetitive motion of scanning barcodes by cashiers can result in a Cumulative Trauma 
Disorder, commonly known as Carpal Tunnel Syndrome [1].  
Alternatives to Barcodes for Groceries 
Several alternatives to the traditional grocery store operating model already exist. However, these 
technologies all come with some caveats that RFID would be able to eliminate. 
Visual Monitoring Systems 
Recently NCR, a company well known for its Point of Sale (POS) stations, has been researching Visual 
Monitoring Systems. These systems use cameras to monitor customers and determine what they have 
pulled from the shelves [2].  
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Upon entering the store, a customer is assigned a cart by the camera system. The system then tracks 
the customer as they move through the store with cameras that are fixated on the shelves. When the 
customer takes something from the shelf, the computer system behind the camera then determines what 
and how many of an item were taken and adds it to that customer’s virtual cart. When the customer is 
done shopping, the system shows the customer a list of everything they picked up and put in their cart. If 
accurate, the customer can simply pay and leave [2]. 
Further research into NCR’s visual monitoring system has not been able to find any public information 
regarding the effectiveness of this system, or to address the many concerns that come with it: 
1. What if two people are dressed and generally look like each other. Is the system able to 
distinguish them from each other?  
2. What would happen if a customer grabbed an item, but at the same time another customer 
walked in between them and the camera. Would the item be assigned to the wrong person? 
3. How is a rearrangement of the store handled? Or even just packaging design changes. Does the 
entire system need to be reprogrammed? 
Some of these concerns could be addressed by how the system is implemented, but NCR hasn't 
released the setup details, such as the number of cameras involved, their resolution and placement in the 
store, or even if any alterations to the shelves need to be made, too.  
Amazon Go 
Amazon Go is a concept for a "Walk In, Walk Out" grocery store that is currently being beta tested by 
Amazon in Seattle.  Amazon has not released any details on how the system works other than stating a 
“combination of computer vision, sensor fusion, and deep learning”.  
The author of this paper contacted Amazon to ask about the specifics of how the system worked 
(namely the "sensors" they ambiguously name) but was told that until the concept is out of beta 
development they won't be releasing any further details on how the system works.  
Based on the available information, however, it appears that a smart phone application tracks a user 
around the store, and a combination of many sensors (weight sensors on the shelf primarily), cameras, 
and computers amalgamate to determine what, if anything, the customer has selected [3]. When the 
customer is finished, they’re able to just leave the store, and their Amazon account is already charged.   
One could speculate that Amazon's recent acquisition of Whole Foods is a sign that their Seattle Test 
Store was a success and they will be moving to implement the system in an actual retail environment – 
however this is pure speculation and no plans have been announced to date.  
RFID 
RFID, or Radio Frequency Identification, tags are small devices that hold a unique ID and are often small 
enough to be able to be attached to nearly any object. Once a tag is activated, a reader is used to wirelessly 
read the information on the tag. This grants the ability to quickly and easily identify what an item is, and 
when used in a system with multiple readers can track an item’s physical location in a facility, or from 
start to finish in an entire supply chain [4].  
There are three primary components to any RFID System: The tag, the reader, and the controller.  
The tag and the reader communicate to one another via a specific frequency of radio waves, while 
the reader and controller communicate either through Ethernet, WIFI, USB, or some other communication 
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standard. When a tag moves within range of the reader, the tag is signaled to transmit its data, which the 
reader can pick up, then relaying the information back to the controller [5]. The controller is the brains of 
the operation and is typically a computer running software that is connected to a database which can 
both record and verify information [5].  
An example of this would an office building equipped with wireless keycard entry to secure access to 
different parts of the building. When a card is scanned, the reader relays that information to the controller 
which then determines if that card (and by association that cardholder) have access to enter that area. If 
so, software on the controller can issue a command to hardware affixed to the door to unlock. If the user 
does not have access then the controller could simply ignore the request, or even alert security personnel.   
Controllers can come in any form; from smartphone applications combined with handheld scanners 
to an entire server dedicated to processing RFID information – there is no set form factor or functionality 
for a controller other than it processes the information from the Reader [6].  
RFID tags can be printed and encoded in one step using a special RFID Printer. These printers use rolls 
of paper with adhesive backs and RFID tags embedded in them, allowing them to have information 
physically printed on them for the user to read, as well as the RFID tag embedded to the controller to 
read. Some printers even come in a handheld formfactor, allowing users to move through their work area 
and print tags for items as they move. 
There are many benefits to using RFID tags to identify items, with the largest one being line-of-sight 
is not required to read the tag. Since the tags do not each have to be directly seen (only sensed), the items 
don't have to be individually scanned and can move through a reader as a group instead of being selected 
and scanned individually like with optical scanning techniques. This means that so much as an entire pallet 
could be scanned without removing each item from it, also eliminating the need for manual counting of 
its contents, drastically increasing productivity on production lines.  
Secondly, since each RFID tag can have a unique ID associated with it, there is no risk of scanning the 
same item twice, reducing the chances of miscounted inventories. This can either be accomplished 
through measures on the controller, or as is the case with more powerful tags, a "stay quiet" signal to the 
tag tells it to stop transmitting its signal [1]. 
With these ideas in mind, it is clear how item-level tagging in a grocery store setting holds merit: Since 
line-of-sight is not required, you no longer need to individually remove, scan, and replace items from the 
cart; they can be scanned with a single pass under a reader. Additionally, there is no risk of it being 
scanned multiple times by accident. This combination of increased speed and accuracy in determining the 
contents of a grocery cart makes for a compelling argument for the technology to be implemented in such 
an environment.  
Objectives 
The objective of this project is to determine if current RFID technology would be a suitable candidate for 
use in implementing an item-level tagging system in a grocery store environment. To accomplish this, the 
following research objectives will need to be met: 
1. Determine the number of antenna and their placement to maximize detection accuracy in the 
proximity of the cart of various grocery store items of various defined categories tagged with 
passive RFID tags.  
2. Determine if there is any location in the cart that proves to be less effective than others for 
reading RFID tags.  
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3. Determine proximity interactions between materials that inhibit the accuracy of readings.  
4. Determine what a typical detection rate for tagged items in a shopping cart might be. 
The limitations of the project regarding scope are as follows: 
1. Passive, printable RFID tags ("smart labels") designed for general applications will be used in the 
study. 
• In a real-world application tags specifically designed for hot, cold, or wet environments may 
adhere more effectively and while reading less effectively as a result. This study will not take 
those aspects into account and focus solely on a single brand/model of tag. 
2. This study will not consider the possibility of reading tags that are not present in the cart area.   
• There are many possibilities for eliminating unwanted signals from being read. This study 
does not focus on this aspect of the solution. 
3. It is assumed that the RFID Reader will operate on a single, UHF frequency and the power, gain, 
sensitivity, etc… settings will not change between the different antenna arrangements – they 
will all use the same settings.
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Chapter 2. Literature Review 
To accurately test the efficacy of an RFID checkout system, careful consideration must first be made for 
all components in the system, including the checkout setup, the types of tags and reader used, their 
positioning and antennas arrangement, and other factors such as potential interference from other 
antenna and the different materials of the items inside the cart.  
RFID Tags 
There are many kinds of RFID tags, but the largest grouping falls between Active tags and Passive tags. 
Active RFID tags are RFID tags that hold their own power source. As a result, their read ranges are very 
high, but their reliability is slightly lower since if the power source dies, the tag can’t be read at all. Passive 
tags don’t have a power source; instead, they get their power from their proximity to the reader. As a 
result, they must be closer to the reader for them to be read, but they work theoretically indefinitely. 
Additionally, Active tags are much more expensive due to their power supply, while Passive tags are very 
cheap.  
For both Active and Passive tags there are several different frequencies they can operate on: Low 
Frequency (LF), High Frequency (HF), and Ultra High Frequency (UHF) being the most common. Table 1 
depicts their major differences. 
Table 1. RFID Frequency Comparison [7] 
Type Frequency Maximum Read Range Comparative Cost 
Low Frequency 125-134kHz 50cm Higher Cost 
High Frequency 13.56MHz 1m Lower Cost 
Ultra-High Frequency 860-960MHz 6m Lowest Cost 
 
In addition to these, there is also a Super High Frequency version, however that is reserved for very 
large distances and are expensive. These are used for thing like EZ Pass Systems for Toll Roads [7]. 
HF and UHF are similar but have different modes of communication to the reader, also referred to as 
coupling. HF tags use Near-Field Coupling (aka Inductive Coupling), where energy is transferred from one 
component to another using an electromagnetic field. The tag carries an electromagnetic coil, which when 
in contact with the electromagnetic field from the reader creates a current to power the tag [6]. UHF tags 
use Far-Field Coupling (aka Capacitive, or Backscatter Coupling), where the Reader emits radio waves 
rather than an electromagnetic wave; there is no electromagnetic field formed. When the wave hits an 
RFID tag, the energy is used to energize a microchip, which then uses its own antenna to propagate back 
out its own signal [6]. 
There are also several different physical kinds of tags, from wristbands designed to be worn by 
prisoners and guards [5], to printable labels for easy attachment to boxes. In addition to different physical 
designs, RFID tags also are also designed with different environments and functions in mind. For instance, 
extremely small Passive RFID tags are inserted under the skin of pets to ID them if lost, while others are 
designed to handle 100°C+ temperatures, according to the Atlas RFID Store Webpage. 
Despite these differences, all RFID tags operate the same way: Once activated, a Reader will read the 
information on the tag, relay that information to a Controller, which then determines what to do with 
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that information; it could simply record, or it could take further actions like check the information against 
a database and decide on what to do thereafter.  
Reader Considerations 
Research has shown that the type of reader used is also of the utmost importance. Different readers have 
different maximum read rates, the higher quality the reader, the higher the read rates. Additionally, 
higher-end RFID readers will be able to transmit a stronger signal, meaning they are more reliable at 
picking up tags [8]. 
Readers can be fixed position or handheld. Fixed position readers (Figure 1) are typically connected 
directly to a computer either by Ethernet or USB and require an external power supply and antenna. Fixed 
position readers are useful in that the antenna is separate from the device, so they can be upgraded 
without having to replace the entire system.  These kinds of readers are used typically for areas that items 
move through, for instance a loading dock or items moving on a conveyer belt [9]. 
Handheld readers (Figure 2) however, are mobile, battery powered devices that already have a 
directional antenna built into them. The user simply points at the items they want to scan, pull a trigger, 
and the reader goes to work. The reader can be wirelessly connected to a controller through Bluetooth or 
WiFi, or store the information onboard to later be offloaded to a central computer. These devices are 
most useful when items aren’t moving, and the user is, for instance taking inventory of items on shelves 
[9]. 
 
Figure 1. Impinj Speedway Revolution R420 UHF 
RFID Reader (Source: Atlas RFID Store) 
 
Figure 2. TSL 1128 Handheld Bluetooth UHF 
RFID Reader (Source: Atlas RFID Store) 
Due to the different operating frequencies of RFID tags, Readers can’t read all kind of tags, rather, 
they can only read a certain frequency range. Readers can also know what’s known as intelligent, agile, or 
dumb. An intelligent reader is considered a reader that can communicate with tags in using different 
protocols, but also filter the data and run its own applications [10]. An agile reader can “read tags that 
operate at different frequencies or use other methods of communication between the tags and readers” 
[11]. A dumb reader is a reader that is only able to handle one frequency and one protocol [10]. 
Primarily the main consideration when selecting a reader is the number of antenna ports it has 
available to it. Lower-end readers will only offer one or two antenna ports, while higher-end readers will 
offer 4, 8, or even more ports. The more antenna ports the reader has the higher capacity of items it is 
designed to be able to read at once. However, aside from their designed read speed and frequency, power 
transmission, and method of communication to the controller, there aren’t many differences in the way 




For tags to be read effectively, antennas must be used with the readers. This server the following 
purposes: 
1. Increase the read range of the relatively short distance Passive RFID tags. 
2. Focus the direction of the reader’s signal as to not pick up unwanted items. 
3. Allows for the reader to be kept separate from the read point, allowing it to be used with 
multiple antenna in multiple locations.  
RFID Antenna come in a variety of shapes and sizes, but primarily come in a small, rectangular 
formfactor between 0.5 to 2” thick (Figure 3). These antennas are highly directionalized and used in 
applications such as wireless gate access, shipping and receiving, and simple card swipe door access. Other 
antenna forms do exist, such as Flexible Antenna (Figure 4). The antenna is used to conform to a certain 
shape to scan items effectively, such as being run across several conveyer lines to pick up items as they 
pass underneath them all with the same antenna. 
 
Figure 3. Zebra AN440 RFID Antenna (Source: 
Zebra Technologies) 
 
Figure 4. Harding Locfield Traveling Wave RFID 
Antenna (Source: Atlas RFID Store) 
While the reader can be positioned anywhere, the antenna type and placement is crucial to reading 
RFID tags accurately. Once that has been determined, the most important factors for an antenna are the 
gain, beam-width and polarization. Gain determines how wide the beam-width of the reader is. A higher 
gain means a lower beam-width, and therefore a more focused and longer read area, while a lower gain 
means the opposite [12]. 
Monostatic and Bistatic Antenna 
Any single RFID antenna will operate in a Monostatic configuration. In a monostatic configuration, each 
antenna connected to the receiver both emits energy to excite the RFID tags, as well as reads the signal 
they emit back to them (Figure 5). This would enable you to place multiple antennas in different locations, 
and be able to use the same RFID reader on all of them (EG: Door with key card system) 
However, it is possible to set up antennas in a bistatic configuration. In a bistatic configuration, pairs 
of antennas are required. One antenna will emit the energy to activate the RFID tag, while the other 
antenna reads the signal (Figure 5). Because two antennas are being used, the sensitivity of the antenna 




Figure 5. Monostatic and Bistatic Antenna Configurations (Source: Atlas RFID Store Blog) 
A bistatic antenna arrangement enables you to detect much lower quality signals. For instance, on the 
Zebra FX9500 RFID Reader, monostatic and bistatic antenna configurations are supported. The minimum 
detectable signal for a monostatic antenna is -84.5dBm, while the minimum detectable signal for a bistatic 
antenna pair is -105dBm.  
RSSI 
RSSI (Received Signal Strength Indicator) describes the total signal power received (aka signal strength) 
from a radio signal in milliwatts. It is typically measured in dBm (decibel-miliwatts), which represents a 
logarithmic scale of power [20]. In relation to RFID, -30dBm would represent an extremely strong signal, 
and -100dBm represents a very weak signal.  
Signal strength in dBm can be calculated using Power in mW with the following equation: 
𝑅𝑆𝑆𝐼 = 10 log*+ ,
𝑃
1𝑚𝑊0 
While the received Power in mW can be calculated from an RSSI value using: 
𝑃 = 1𝑚𝑊 ∗ 10
2334
*+  
Being that the significant figures attached to the mW Power reading of a signal would grow extremely 
quickly as the signal strength drops, dBm lends itself to be a much easier way to represent signal strength.  
Interference 
There are three types of interference that can occur when scanning RFID tags: 
1. Tag Interference 
2. Multiple Reader-to-Tag Interference 
3. Reader-to-Reader Interference 
Tag interference occurs when many tags are energized by a reader at once, which causes a mixture of 
scattered waves the reader is not able to pull valid IDs from. Multiple reader-to-tag interference occurs 
when a tag is in the read range of multiple readers which attempt to communicate with it simultaneously. 
Reader-to-reader interference occurs when one reader’s signal reaches the read range of another reader, 
affecting the efficiency of the other reader [13]. 
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For the purposes of this project, on one reader with multiple antenna will be used, so multiple reader-
to-tag interference and reader-to-reader will not be a problem, leaving only the potential for tag 
interference. Research has not been able to determine if the multiple antennas from the same reader will 
interfere with each other.  
Environmental Interference 
Another factor affecting the effectiveness of RFID signal capture is the materials the tags are adhered to 
and the environment they are in. For example, when one gets inside of an elevator and they lose cellular 
reception. This doesn’t mean that the cell phone is of poor quality or unreliable, rather it isn’t designed 
for performance in that environment.  
Metals and Liquids 
Metals and liquids appear to be the downfall of the RFID tag. At their core, they present two separate 
problems: 
1. Metals tend to reflect RF signals. 
2. Liquids tend to absorb RF signals.  
Therefore, the legibility of the signal from RFID tags placed on these materials is severely diminished.  
According to Inbound Logistics [14], it has been proven that RFID operating at 433.92MHz tends to 
bounce and bend around the [metal] materials and is able to read the tags. Additionally, they recommend 
using Active Tags rather than Passive Tags for improved signal strength [on metal objects], citing a 60x 
improvement in decibel power. 
Existing Designs 
While research has not uncovered any stores that are using item-level tagging for a checkout system, 
there are several US Patents that have been filed regarding the idea. Most all the Patents encompass one 
of two things: The Checkout Lane, or the Cart. For those that emphasize the checkout lane, they all have 
some combination of utilizing multiple RFID Antennas pointed directly at different portions of the cart, 
which the Patents that focus on the cart are more in the area of a “smart cart”, which scans items as 
they’re placed in. 
Layout 1. RFID Checkout Line 
The most on-the-nose for the idea, this patent lays claim to “A grocery store or retail establishment easy-
pass (E-Z) lane system for enabling express non-contact payment of a plurality of items” (Figure 6) [15].  
In this patent, they have laid claim to an EZ Pass system that scans your cart as you move by it using 
multiple RFID Sensors or antennas. The system works by using one or more RFID antennas located next 
to the path of the shopping cart. Before any tags are read, the user must scan their loyalty card for the 
store. Once they’ve done that, the system will scan all of the tags, and the process continues as expected.  
The patent puts strong emphasis on the identification of the customer by means of a loyalty card, 
referencing Exxon Speedpass. Additionally, while it appears from the image the system would allow for 





Figure 6. Kountotsis and Libhova Patent Design [15] 
Layout 2. Shopping Cart with RFID Capability 
The next patent moves in a different direction: Instead of heavily modifying the checkout counter, it 
modifies the shopping cart itself. This patent claims ownership to a “shopping cart with RFID capability, 
for detecting a RFID tag, comprising: a frame, further comprising: an accommodating space for 
accommodating RFID-tagged items” (Figure 7) [16]. 
 
Figure 7. Ku, Yu, and Chang's RFID Shopping Cart Patent [16] 
This patent claims ownership to a device that contains a frame with space for items and a cover, an 
onboard RFID reader with antennas and power source, and a computer system attached to the reader for 
storing data.  
RFID in Warehousing 
RFID is commonly used in warehousing to keep track of items as they move in and out of inventory, we 
would be remiss if we didn’t explore how they utilize RFID. Warehouses often use one or more antennas 
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at entrance and exit ports to the facility (Figure 8), and occasionally along the way through a path, as well 
(Figure 9).  
 
 
Figure 8. RFID Utilization at Entrance and Exit 
Ports of a Facility (Source: System_ID Barcode 
Solutions) 
 
Figure 9. RFID Utilization on a Conveyer Belt 




Chapter 3. Methodology 
The following experiments were designed to test current widely available RFID technology and determine 
if the technology might be a viable solution for an American grocery store checkout environment. It 
consisted of four phases: 
1. Pilot Test – Verify settings and setup were functional and eliminated unnecessary testing. 
2. Material Interference Testing – A test performed to determine if inter-item, material 
interference exists. 
3. Location Analysis – A test to find if the location of an item in the shopping cart influences 
readability. 
4. Practical Demonstration – Culmination of all tests – A practical test to show how the technology 
handled a “real-world” scenario. 
The chosen metric for quality of detection was Percentage Signal Strength. This is a calculated metric 
based on the minimum and maximum detectable RSSI values of the RFID reader and RFID tag, respectively, 
which according to technical specifications was found to be -84.5 dBm and -22 dBm.  
Equipment, Materials, and Setup 
To conduct the experiment, the following equipment and materials were collected or prepared: 
1. One Zebra FX9500, UHF RFID Reader 
2. Four RFMax Indoor UHF RFID Antennas 
3. One Windows laptop to act as the RFID controller 
4. 100 UHF RFID Labels 
5. One metal shopping cart 
6. Various items to affix RFID tags to. (Appendix A) 
Before the experiment began, a list of common supermarket items (Error! Reference source not 
found.) was created and then categorized based on their physical characteristics. To limit the number of 
options, the items had the following categories assigned as their primary and secondary (if applicable) 
categories: Food, Metal, Plastic, Liquid, and Glass. A primary and secondary category were assigned to the 
items based on their exterior and interior composition. For instance, a quart of oil was assigned Plastic as 
a primary category and liquid as a secondary category since it has a thick, plastic exterior which houses 
liquid contents.  
In order to test the RFID technology most effectively, multiple antenna arrangements were created in 
order to determine the best arrangement(s) for detecting the items in the cart. As such, the following 
antenna arrangements were to be assembled and tested: 
1. Single antenna below cart. 
2. Single antenna above cart. 
3. Two antennas, one above and one below cart.  
4. Two antennas on the same side of the cart. 
5. Two antennas on opposite sides of the cart. 
6. Three antennas, two on opposite sides of the cart and one above the cart. 
7. Three antennas, two on opposite sides of the cart and one below the cart. 
8. Four antennas, One above, below, and on either side of the cart. 
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These antennas were placed around the cart and held in position with supports and straps and did 
not make direct contact with the cart. Each antenna was approximately 1ft away from the cart surface 
they read against, and the antenna described as “below the cart” placed below the main basket of the 
cart, but above the large item platform below the main basket. 
Next, a program to interact with the RFID reader and record its measurements needed to be created. 
Zebra (the manufacturer of the reader), provides a .NET SDK and sample programming to develop 
applications to interact with the RFID reader. This was used to create an application that performed the 
following functions: 
1. Scan for tags for a duration of 10 seconds.  
2. Refresh multiple times per second to detect tags at a high frequency.  
3. Display the information of detected tags to the user.  
4. Switch between antenna arrangements automatically.  
5. Record the highest RSSI value detected per tag to CSV after each run (each run counting as one 
reading).  
6. Automatically start the next run at the end of the previous.  
The application parsed the results and select the result with the highest RSSI value for each scan. 
These are the values that were used to for analysis later in the experiment, meaning ultimately each scan 
resulted in a single value.  
In testing the program with the RFID reader and antennas, it was found the default settings in the 
RFID program were already set to their most sensitive settings and was able to detect a small sample of 
the tagged grocery items. Therefore, the settings were not adjusted any further. 
Finally, to prepare for the Location Test, a 3x2x3 (LWH) grid (Figure 10) was created in the cart to 
simulate items being placed in random locations in the cart.   
 
Figure 10. Location Test Grid 
Pilot Test 
The purpose of the pilot test was to eliminate suboptimal or redundant antenna arrangements, which 
reduced the number of configurations requiring full testing. For instance, if a single antenna on top of the 
cart vastly outperformed a single antenna below the cart, then there was no purpose to continue testing 
with the antenna below the cart.  
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Three items from each of the representative categories were taken and placed in the center of the 
cart. For each selected item (fifteen (15) in total) scans were taken on each of the eight (8) antenna 
arrangements to verify that the items reliably detectable by the antenna arrangements. After each 
sample, the following metrics were saved to the CSV file: 
1. Item Tag Number 
2. Antenna Arrangement Number 
3. Signal Strength (RSSI) 
4. Percent Signal Strength 
5. Material Category of the Item 
6. Experiment Performed 
This data was used to answer the following questions: 
1. How many repetitions would be required to achieve a 95% Confidence Interval, with an α of 
0.05? 
2. Were all the items able to be read successfully by the antenna arrangements? 
3. What antenna arrangements could be eliminated from further testing.  
If an antenna arrangement performed statistically significantly worse than the other antenna 
arrangements, it was discarded. If antenna arrangements were found to not be statistically significantly 
different, then they were placed in a group together, and analyzed as a single arrangement for comparison 
with other arrangements.  
To be as consistent as possible, the items in the cart were not moved between testing the antenna 
arrangements, with the exception of arrangement four (4), two antennas on the same side; this 
arrangement required physically moving antennas, which could have interfered dramatically with future 
experiments. Therefore, this arrangement was tested after all other item/arrangement combinations. To 
mitigate any differences in placement of the item, the location the items were placed was marked with a 
small piece tape, and pictures taken to accurately recreate their placement.  
Once the results were in, Tukey’s HSD Test was performed on each item across all antenna 
arrangements. Antenna arrangements were placed into performance groups, which ranked them in a 
statistically significant order. The frequency of the placement in these groups were tabulated and 
compared. This was used to eliminate underperforming or statistically significantly similar antenna 
arrangements. The design for the Tukey’s HSD Test is shown in Table 2. 
Table 2. Tukey’s HSD Test Metrics for Pilot Test 
Independent Variables Dependent Variables     Level of Significance 
Antenna Arrangement Mean Percentage Signal 
Strength 
𝛼 = 0.05 
Item Number 
 
The levels or value range for the variables being: 
• Antenna Arrangement – Antenna Arrangement Number (1-8) 
• Item Number – The unique identifier of the item being scanned (1-64) 
• Mean Percent Signal Strength – The mean percentage of the maximum detectable RSSI of the 





Material Interference Testing 
The Material Interference Test was designed to determine interaction effects on the readability of the 
RFID tag caused by proximity of one material to another material. IE: To answer the question: Do certain 
materials tend to reduce the detectability of other materials in the cart? 
One item from the Pilot Test representing each category was randomly selected and reused in this 
experiment. The items were paired together by material category, placed in the center of the cart, and 
scanned, moving one item around all sides of the other according to Figure 11. 
 
Figure 11. Material Interference Testing Positions 
With each scan, the following data was collected: 
1. The number of items detected in the cart 
2. The signal strength of the detected items in the cart 
3. The categories of the two detected items in the cart 
4. The relative position of the two detected items in the cart 
5. The antenna arrangement number 
This was repeated until all 15 possible item combinations and positions were tested between the 
categories, across the remaining antenna arrangements five times.  
The Material Interference RSSI values were converted to Percentage Signal Strength values, averaged 
together across all positions, and then compared to the Mean Percentage Signal Strength observed for 
that same item in the Pilot Test using Welch’s Two-Sample T-Test.  
The design for the T-Test is shown in Table 3. 
Table 3. Unpaired T-Test Metrics for Material Interference Test 
Sample 1 Sample 2 Level of Significance 
Mean Percentage Signal 
Strength of Item in Pilot Test 
Mean Percentage Signal Strength of 
Item when Paired with Another Material 
𝛼 = 0.05 
 
The value range for the variables were: 
• Mean Percentage Signal Strength – The percentage of the maximum detectable RSSI of the 





The Location Test was designed to determine if the location of the item inside of the cart had any effect 
of the detectability of the tag inside it. One item used in the Pilot Test from each category was selected 
and placed in different locations according to the 3x2x3 (LWH) grid (Figure 8) by suspending it to the side 
of the cart using a thin, plastic shopping bag. The item was then moved to each of the locations and 
scanned five times. This was repeated for each selected item across the remaining antenna arrangements.  
With each scan the following data was collected: 
1. The signal strength of the detected item.  
2. The location of the detected item.  
3. The category of the detected item.  
4. The antenna arrangement number.  
Once all the items and antenna arrangements have been tested, the RSSI Values of the individual item 
positions were converted into Percentage Signal Strengths and averaged together (one mean per position, 
per item, per antenna arrangement). These means were then compared to the each other using Welch’s 
T-Test to determine if there were any material interferences caused by having the items in close proximity 
that would be detectable in the form of a statistically significant change in RSSI.  
The parameters of the Welch’s T-Test are summarized in Table 4. 
Table 4. Location Test Welch's T-Test Parameters 
Sample 1 Sample 2 Level of Significance 
Mean Percentage Signal 
Strength of Item in Pilot Test 
Mean Percentage Signal Strength 
of Item in a Particular Location 
𝛼 = 0.05 
 
The levels or value range for the variables are: 
• Antenna Arrangement – Antenna Arrangement Number (1-8) 
• Item Number – The unique identifier of the item being scanned (1-64) 
• Item Location – Location number of the items in the cart (11-36).  
• Mean Percentage Signal Strength – The percentage of the maximum detectable RSSI of the 
equipment that is detected (0-100) 
This data was then used to create a heatmap of the locations inside of the cart, comparing both the 
performance of the locations to the Pilot Test, as well as the locations against each other.  
Full Cart Testing 
Ten (10) predefined “cart configurations” of items were created to in order to ensure appropriate 
representation of the different item material categories and their possible combinations (Appendix B & 
Error! Reference source not found.).  
The cart configurations were randomized using the following procedure: 
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1. An initial number between 5 and 20 was generated which represents the number of items that 
will go into that cart configuration. 
2. A random number was generated between 1 and 64, which corresponds to the number of an 
item, which was added to the list for the cart configuration.  
3. Items from the already selected material categories were disallowed from being selected again 
until all material categories were represented in the cart.  
4. Once all material categories were represented in the configuration, the remaining, unselected 
items were all made available for selection again, and the process continued until the number of 
items that should be in the cart has been hit. 
The purpose of the Full Cart Test was to practically demonstrate the technology to see if it would be 
effective in a real-world scenario. As such, no sort of grid or alignment was be used, and items were 
stacked on top of each other in a non-uniform pattern. That said, they were placed in a rational manner 
– heavy things on the bottom, lighter things on top, similar things grouped together.  
Once everything was in place, the entire cart was scanned at once, and the following data collected: 
1. The total number items that were detected in the cart.  
2. The items that were detected in the cart.  
3. The antenna arrangement number.  
Analyzing the results of the Full Cart Test is much simpler than for the others. Since the purpose of 
this experiment is to generally see how the technology does in a practical test, and the purposes of the 
other experiments were to see if the materials, locations, and antennas used had any effect on 
detectability, it doesn’t require this experiment to be broken down into further specifics.  
Therefore, a simple ratio of the number of items that were present in the cart, to the number of items 




Chapter 4. Results and Analysis  
Pilot Test 
Results 
Table 5 depicts the items that were randomly selected from each category for the Pilot Test. 
Table 5. Pilot Test Item Selection 
Category Tag Name Category Number Tag Number 
Food Butter 1 3 
Food Crackers 1 8 
Food Potato Chips 1 14 
Glass Glassware 2 18 
Glass Six Pack of Beer 2 26 
Glass Light Bulbs 2 27 
Liquid Canned Soup 5 40 
Liquid Mouthwash 5 56 
Liquid Soap 5 59 
Metal Batteries 3 29 
Metal Coffee Tin 3 30 
Metal Oil Filter 3 31 
Plastic Rubber Bands 4 46 
Plastic Tupperware 4 47 
Plastic Ketchup 4 52 
 
Preliminary testing using five (5) items was performed with antenna arrangement 8 to determine how 
many repetitions would be required to achieve a 95% Confidence Interval with an α of 0.05 using the 







• N is the number of observations required.  
• Z is the Z-Value from the Normal Distribution Table (1.96 for a 95% CI) 
• S is the Sample Standard Deviation 
• μ is the Sample Mean 
• α is the Accuracy (0.05) 












































Of the sample taken, the maximum number of observations required was four (4) or more. Therefore, 
it was decided to continue taking five (5) observations per item on each of the upcoming tests.  
Of the items tested in the Pilot Test, the following were not detected by any antenna arrangement: 
• Potato Chips 
• Coffee Tin 
• Canned Soup 







The remaining items were able to be detected by all antenna arrangements. Each scan had the highest 
RSSI value pulled out for use in the analysis, and the “Percent Signal Strength” metric was calculated for 
it. The full tables of results for the Pilot Test can be found in Appendix D. 
Analysis 
To analyze the Pilot Test results the data was first split by item number, leaving fifteen (15) buckets of 
data. Tukey’s HSD Test was then used to grade the antenna arrangement’s performance according to the 
Percent Signal Strength metric of each scan in each of those buckets, which output a result for each item 
that looks like Table 7: 
Table 7. Tukey’s HSD Test Ranking Example 
Item Number  Rank Antenna Arrangement Means Group 
3 1 1 52.96 A 
3 2 3 52.64 AB 
3 3 8 52.32 AB 
3 4 2 52.00 AB 
3 5 6 52.00 AB 
3 6 7 51.68 B 
3 7 5 43.68 C 
3 8 4 40.80 D 
 
By this example, for Item 3 the Tukey’s HSD Test states that antenna arrangement 1 was the highest 
performing, however it was not statistically significantly different from antenna arrangements 2, 3, 6, and 
8. Yet still was statistically significantly different from antenna arrangements 7, even though 
arrangements 2, 3, 6, and 8 were not. This calculation was performed for each of the items across the 
antenna arrangements, and the frequency with which each antenna arrangement appeared in the 
categories was tabulated, yielding Table 8. 



















1 5 0 4 0 2 0 1 0 
2 7 1 3 0 0 0 0 1 
3 9 2 1 0 0 0 0 0 
4 2 0 3 0 6 0 1 0 
5 0 0 5 0 4 1 2 0 
6 7 1 3 0 0 0 1 0 
7 4 0 6 0 2 0 0 0 




The full data used to create Table 8 can be found in Appendix E Additionally, the diagrams graphically 
depicting the differences of the antenna arrangement’s mean percent signal strength for each item can 
be found in Error! Reference source not found.. 
Using this data, it was found that two well-defined groups had formed: Higher performing and lower 
performing antenna arrangements.  
The highest performing antenna arrangements, which were the two that most commonly were in the 
highest performing groups, and were also never statistically significantly different from each other were: 
• Antenna Arrangement 3 (one antenna on top and bottom of the cart) 
• Antenna Arrangement 8 (antennas on all sides of the cart) 
And the worst performing antenna arrangements, which were the two that most commonly 
statistically performed the worst: 
• Antenna Arrangement 4 (two antennas on the same side of the cart) 
• Antenna Arrangement 5 (one antenna on each side of the cart) 
The rest of the antenna arrangements fell in between these two groups. Inconsistently, they 
sometimes performed statistically as poorly as the worst group, as well as the best group, or fell in the 
middle between the two. Because of this they didn’t generate as clear of a grouping as the others did.  
One thing to note is that while antenna arrangements 3 and 8 performed the best, they were followed 
closely by antenna arrangements 2 and 6. Notably, each of these antenna arrangements included the 
antenna above the cart pointing down into it, unobstructed.  
To see if that antenna was the primary driving factor for detectability, the antenna arrangements were 
compared to each other across all items in the Pilot Test. If there were correlation between that antenna 
being in use and detectability of the RFID tag, comparing all antenna arrangements across a sample of all 
items tested should show that the four highest performing antenna arrangements all performed 
statistically significantly better than the remaining four antennas.  
Table 9 is the result from Tukey’s HSD Test using a combined dataset of all items, factoring by antenna 
arrangement. 






1 3 36.37 A 
2 8 35.86 A 
3 6 33.14 AB 
4 2 32.75 AB 
5 7 31.21 AB 
6 1 29.74 AB 
7 4 24.23 B 




While antenna arrangements 3 and 8 are ranked the highest, they are not statistically significantly 
different than antenna arrangements 2 and 6. However, antenna arrangements 2 and 6 are also not 
discernable from 7 and 1. Antenna arrangements 1 and 7 did not have the upper antenna present in their 
configurations, yet performed statistically as well as configurations that did.  
Therefore, it can’t be said that the upper antenna being present in the configuration was the sole 
determining factor for performance of the antenna arrangements.  
After performing this experiment, it was clear that only one antenna arrangement was needed to 
perform the remaining experiments. For this, it was ultimately decided that antenna arrangement 8 would 
be the only one selected to move forward for the following reasons: 
• Arrangement 3 and 8 were the best performing and were never found to be statistically 
significantly different from each other across the individual items (Appendix E).  
• Testing the other antenna arrangements that performed statistically worse than antenna 
arrangement 8 will not generate a better result; EG: Give the technology its best chance at 
working. 
• The antennas being used were monostatic. This means they send out a pulse of energy to 
activate the tags, and then switch to a read state to detect them. Therefore, more antennas 
would logically dictate and improved chance of being detected properly.  
For these reasons the other antenna configurations were not tested in favor of only using antenna 
arrangement 8 in the other tests performed in this experiment. 
Material Interference Test 
Results 
Table 10 depicts the items were used in the Material Interference Test. 
Table 10. Material Interference Test Item Selection 
Category Tag Number Tag Name Alt. Tag Number Alt. Tag Name 
Food 8 Crackers 3 Butter 
Glass 18 Glassware 26 Six Pack of Beer 
Metal 30 Coffee Tin 29 Batteries 
Plastic 46 Rubber Bands 47 Tupperware 
Liquid 59 Soap 56 Mouthwash 
 
Alternate Tags needed to be used to compare the material interference of items that were of the 
same category, since the tag being compared to its pilot test result was already in use in the test (IE: Two 
coffee tins were not available to be tested side by side, so a stand-in of batteries was used when 
comparing metal being placed next to metal). 
The full results for the Material Interference Test can be found in Error! Reference source not found.. 
















8 Crackers 0 Pilot Test  0 -53 50.4 
8 Crackers 0 Pilot Test  0 -53 50.4 
8 Crackers 0 Pilot Test  0 -53 50.4 
8 Crackers 0 Pilot Test  0 -53 50.4 
8 Crackers 0 Pilot Test  0 -52 52.0 
8 Crackers 3 Butter 1 -33 82.4 
8 Crackers 3 Butter 1 -30 87.2 
8 Crackers 3 Butter 1 -30 87.2 
8 Crackers 3 Butter 1 -33 82.4 
8 Crackers 3 Butter 1 -30 87.2 
 
• Tag Number: The tag number of the item being tested (8, 18, 30, 46, or 59)  
• Tag Name: The name of the tagged item being tested. (refer to Table 10) 
• Counterpart: The tag number of the item placed next to the item being measured designed to 
introduce material interference. 0 was assigned to Pilot Test Data. (0, 3, 8, 18, 26, 29, 30, 46, 47, 
56, or 59) 
• Counterpart Name: The name of the item placed next to the item being tested designed to 
introduce material interference. (refer to Table 10) 
• Position: The position relative to the counterpart of the item being tested. 0 was used for Pilot 
Test Data. (0 - 6) 
• Signal Strength: Max RSSI value detected by the RFID reader on that scan. (-84.5 to -22dBm) 
• Percent Signal Strength: Metric calculated that depicts where on a scale of the maximum and 
minimum detectable RSSI value to scan fell. (0 to 100%) 
Analysis 
To determine if material interference was occurring between the different material categories, the results 
from each position were combined into a single dataset and compared to the Mean Percent Signal 
Strength found for the items used in the Pilot Test using Welch’s T-Test. This yielded the data shown in 
Table 12. 
The purpose of this test was to detect if there were any material interferences occurring that affected 
the detected RSSI of the tags when placed near objects made of different materials. Therefore, in theory, 
the actual positions the items were in relative to each other aren’t relevant to the analysis; the 
interference would logically occur no matter the relative positions. 
According to the results of Welch’s T-Test on the Material Interference dataset and Pilot Test Dataset, 
the following material categories experienced an increase in detectability when paired with another 
material category the: 
• Food when paired with any other material category 
• Plastic when paired with Glass, Food, or Plastic 
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Table 12. Material Interference Results vs. Pilot Test 
Tag Number and 
Category 





Tag 3 - Food 24.11 1.94E-14 
Tag 18 - Glass 14.08 2.17E-07 
Tag 59 - Liquid 11.63 2.29E-11 
Tag 30 - Metal 5.17 2.66E-11 
Tag 46 - Plastic 13.12 2.19E-02 
Tag 18 
Glass 
Tag 30 - Metal -8.32 6.07E-06 
Tag 26 - Glass -12.59 1.29E-08 
Tag 8 - Food -3.57 8.39E-04 
Tag 46 - Plastic 1.39 3.19E-01 
Tag 59 - Liquid -12.48 5.51E-14 
Tag 30 
Metal 
Tag 29 - Metal 0 NA 
Tag 18 - Glass 0 NA 
Tag 8 - Food 0 NA 
Tag 46 - Plastic 0 NA 
Tag 59 - Liquid 0 NA 
Tag 46 
Plastic 
Tag 30 - Metal -3.97 4.25E-01 
Tag 18 - Glass 6.19 4.43E-04 
Tag 8 - Food 12.69 1.78E-05 
Tag 47 - Plastic 19.09 4.01E-09 
Tag 59 - Liquid 0.96 8.27E-01 
Tag 59 
Liquid 
Tag 30 - Metal -6.64 1.72E-03 
Tag 18 - Glass -1.15 6.57E-01 
Tag 8 - Food -7.89 2.59E-02 
Tag 46 - Plastic -3.49 3.07E-01 
Tag 56 - Liquid -2.35 2.43E-01 
 
The following material categories experienced a decrease in detectability when paired with another 
material category the: 
• Glass when paired with Metal, Glass, Food, or Liquid 
• Liquid when paired with Metal or Food 
The following material categories did not experience a significant change in detectability when paired 
with another material category the: 
• Glass when paired with Plastic 
• Plastic when paired with Metal or Liquid 
• Liquid when paired with Glass, Plastic, or Liquid 
• Metal when paired with any other material (was never detected) 
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The results are mixed – Food and Plastic generally had higher RSSI values when paired with other 
items, while Liquid and Glass generally had lower RSSI values when paired with other items. Further the 
improvement or deterioration of the detected RSSI values were quite severe. For instance, the 
detectability of Food improved roughly 14% when paired with another Food item, but the detectability of 
Glass fell nearly 12.5% when paired with another Glass item. 
This is not the expected result, and it appears variability was possibly introduced somewhere in the 
test. After reviewing how the experiment was performed, two possible sources of variability were 
identified: 
1. The physical locations of the items in the carts changed significantly enough when placed next 
to each other that this caused them to be easier to read, either in general or by a single 
antenna.  
2. The orientation of the item changed, which caused the RFID tag to be more, or less, in view of 
the antenna arrangement.  
Possibility 1 would come from the fact that when the Pilot Test was performed, each item was placed 
in the center of the cart. However, in the Material Interference Test, they had to be moved slightly to in 
order to make room for the other item. This could have shifted the item just enough that the tag was now 
either more, or less, in view of certain antennas, causing variation in the detected signal strength. 
To test if the slight variation in the location of the item in the cart caused the variability, Tukey’s HSD 
Test was used to compare the Material Interference Test results, this time using the positions the 
materials were placed in as the category to compare by; this yielded Table 13. 
Items 18 and 46 don’t lend information to the idea that the position the item was is was responsible 
for the discrepancy, since the antenna arrangements (for the most part) all performed in the top tier, so 
it doesn’t say anything about some certain positions outperforming others.  
Items 8 and 59, however, show a stark difference in the performance of the positions, depicted in 
Table 14, where the MPSS Delta values are the Change in Mean Percent Signal Strength found in Table 14. 
• Positions 1, 2, and 3 showed a variation of the Mean Percent Signal Strength between 10% and 
33% across the two items. 
• Position 6 showed only a 2.37% change between the two items, however it also performed 
dramatically higher than the other positions for item 59, as depicted by its Group A ranking for 
Tag 59, but only receiving a Group BC ranking for Tag 8. 
If the position alone was the cause of the discrepancy in Mean Percent Signal Strength, then it would 
be expected that the same position(s) would consistently outperform the other(s). However, this analysis 
has shown the following:  
• Two of the Tags had hardly any difference across any of the positions in the Material 
Interference Test (Table 13) 
• Positions 1, 2, and 3 showed a variation of the Mean Percent Signal Strength between 10% and 
33% across the two items (Table 14) 
• While position 6 showed a much more level performance between Tags 8 and 59, it also 
performed dramatically higher than the other positions for item 59, as depicted by its Group A 




Table 13. Tukey’s HSD Test for Material Interference Test - Position as Category 
Tag 
Number 
Position Rank Group Mean Percent Signal 
Strength Delta 
8 
2 1 A 23.42 
1 2 AB 18.69 
5 3 B 15.68 
6 4 BC 11.93 
3 5 C 6.57 
4 6 C 5.55 
18 
4 1 A -5.38 
5 2 A -5.56 
3 3 A -6.07 
6 4 A -7.37 
2 5 A -8.40 
1 6 A -9.76 
46 
1 1 A 16.06 
4 2 A 10.30 
6 3 A 8.70 
3 4 A 8.45 
2 5 A 7.68 
5 6 B -9.25 
59 
6 1 A 14.30 
3 2 B -4.35 
1 3 B -7.10 
4 4 B -7.46 
2 5 B -10.11 
5 6 B -11.10 
 
Table 14. Comparison of Positions 1, 2, 3, and 6 between Tags 8 and 59 
Position Position Group 
for Tag 8 
Position Group 
for Tag 59 
Tag 8 MPSS 
Delta 




1 AB B 18.69 -7.10 25.79 
2 A B 23.43 -10.11 33.54 
3 C B 6.57 -4.35 10.92 
6 BC A 11.93 14.30 2.37 
 
Therefore, since: 
• Not all tags show clear bias towards better performance in certain positions and 
• The tags that did show differences in the performance of the positions exhibited large 
performance differences between their positions, either by ranking or MPSS Delta 
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Therefore, the location that the item was placed in the cart for the Material Interference Test cannot 
be singled out as the cause of the introduced variance, leaving the orientation of the tag to be investigated 
next. 
During the Material Interference Test, the items were rotated so that the tags were always facing 
each other. This was done to ensure that the materials of each item were in the as close as possible to the 
other tag, thus ensuring that material interference would occur; if the tags weren’t near another material, 
the Material Interference Test would not have provided any information about how materials interact 
with each other.  
To verify that orientation of the tag in reference to the antenna may have caused the variation in the 
Material Interference Test, a simple test was performed where an item with an RFID tagged item 
(Pistachios) was placed in front of an antenna and scanned, and then rotated 45°, and 90° from the original 
orientation. The three positions are depicted in Figure 12. 
 
Figure 12 . Orientation Investiation Diagram 
While this test only used a single antenna and is not representative of the antenna arrangement used 
in the Material Interference Test, it still provides insight into determining the degree with which 
orientation affects the detectability of the RFID tags.  
The test was performed, and the results were compared using Tukey’s HSD Test, yielding Table 15. 
Table 15. Tukey’s HSD Test Results for Orientation Investigation 
Rank Orientation Mean Percent Signal 
Strength 
Group 
1 Facing 71.68 A 
2 Halfway 58.4 B 
3 Glancing 56.8 C 
 
Tukey’s HSD Test on the Orientation data shows that even by rotating the tag 45° away from the 
antenna, it causes a significant drop off in Mean Percent Signal Strength. Therefore, it could be said that 
the change of the orientation of the item in the Material Interference Test contributed to the variability 
of the results when compared to the Pilot Test. This would also include the location of the RFID tag on the 
item, since altering the placement of the tag on the item would also alter its orientation with respect to 
the antenna enough to cause differences in detectability.  
Ultimately the Material Interference Test showed that when a Food or Plastic item is placed next to 
another material, the detectability of that item increases, while when a Glass or Liquid item is placed next 





After performing the Location Test, Welch’s T-Test was used to compare each of the Locations to the 
Result gathered in the Pilot Test, broken down by Item. This yielded Table 16 (Full data can be found in 
Error! Reference source not found.): 
Table 16. Location Test vs. Pilot Test Performance Breakdown 
Tag Number Tag Name Better Indeterminant Worse 
3 Butter 15 1 2 
27 Light Bulbs 18 0 0 
29 Batteries 13 1 4 
47 Tupperware 16 2 0 
56 Mouthwash 9 7 2 
 
Next, the Mean Percent Signal Strength was calculated for each location used in the cart for each item 
tested. The item’s Mean Percent Signal Strength of the Pilot Test was then subtracted from the values to 
better depict the change in Mean Percent Signal Strength. This data was combined to form a heatmap 
(Figure 13).   
 
 
Figure 13. Heatmap of Location Test Results 
The labels on the left right of the table indicate the height of the item in the cart, while the six number 
correspond to the value seen at those positions in accordance with Figure 14. 
 
Figure 14. Heatmap Key 
9.3 14.1 22.7 38.7 -5.8 10.5 34.2 29.4 5.1 -2.9
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Front of Cart Front of Cart Front of Cart Front of Cart
Top
Level






























The Welch’s T-Test results show of the locations used in this test, it was found that 78.9% of the of the 
time the location provided improved detection of the item than in the Pilot Test, while 12.2% were 
statistically indeterminant, and the remaining 8.9% were detected worse in the Pilot Test. In real numbers, 
this breaks down to 71 locations detecting better, 11 locations indeterminant, and 8 locations worse than 
the Pilot Test. It is likely that the locations that outperformed the Pilot Test was simply because the items 
were either closer to, or more in line with an antenna in certain locations. To test, a Chi-Squared Test 
comparing the Antenna ID that detected the tag, and the Position the Item was in, which gives the 
following result: 
𝑋 − 𝑠𝑞𝑢𝑎𝑟𝑒𝑑	 = 	534.2, 𝑑𝑓	 = 	54, 𝑝 − 𝑣𝑎𝑙𝑢𝑒	 < 	2.2𝑒 − 16 
With a p-value of less than 0.05, clear correlation between the location the item was in, and the 
antenna that detected is shown. This corroborates the idea the improvement in Mean Percent Signal 
Strength could have been caused by antennas having better accessibility to the RFID tag in this test. 
However, not all the locations performed better than the Pilot Test, which begged the question as to 
whether or not any locations consistently performed worse than the others. Before diving into statistical 
analysis, exploration of the data might give the answer to that question by analyzing the Heatmap for the 
Location Test (Figure 13). At first glance, there doesn’t appear to be any correlation between location and 
performance. If there were, it would be expected that certain locations would be either dark red or dark 
green across all items. No locations exhibit that behavior.  
Looking into it further, the Top 3 and Bottom 3 performing locations can be tallied and compared to 
see if more consistent correlation can be determined. Going through the Heatmap can tallying the 
locations that performed the best and the worst for each item yields Table 17. 
Table 17. Tally of Best and Worst Locations in Location Test 
Location Count Top 3 Count Worst 3 
15 3 0 
33 2 0 
22 2 1 
21 1 0 
36 1 0 
25 1 0 
24 1 1 
34 1 1 
13 1 1 
11 1 1 
31 1 1 
35 1 2 
12 0 1 
14 0 1 
26 0 2 
32 0 3 
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These results can be displayed in a heat map for better visualization. Figure 15 shows three heatmaps 
that were created from this table: One that shows the best performing locations, one that shows the 
worst, and the running total between the two (EG: If a position was found to be in both the Top 3 and 
Bottom 3 it would equal out to zero).  
 
Figure 15. Heatmaps of Top and Worst Locations 
This does show that there are a few positions that performed consistently better or worse than others: 
• Locations 15, 22, and 33 were the three locations that appeared in the Top 3 the most 
frequently.  
• Locations 32 and 26 were the two locations that appeared in the Bottom 3 the most frequently. 
However, there still are no clear conclusions here that can be made about the locations.  
• There were locations (24, 11, and 34 for example) that were both in the Top 3 for one item, and 
the Bottom 3 for another.  
• This doesn’t give any look into the degree with which these locations performed better or worse 
than the others; e.g., the Bottom 3 performing locations may have still been a better result than 
the Pilot Test gave, as well as if they were, in fact, worse, they could have been worse by only 5-
10%, which the ones that performed better could have done so by 30-40%.  
Therefore, further statistical analysis is required to see if any locations perform better or worse than 
others. One way to see this would be to compare the average change in Mean Percent Signal Strength per 
location across all items using Tukey’s HSD Test to see if any locations are statistically better across the 
board. The results of that Tukey’s HSD Test are shown in Table 18. 
Tukey’s HSD Test shows that there’s no discernable difference between the performance of seventeen 
(17) of the eighteen (18) locations, with Location 12 being the only location that was statistically 
significantly different from the others. However, location 12 wasn’t in the worst performing locations 
found in the data exploration before, so it did not perform consistently poorly, but rather had particularly 
poor instances during the test.  
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Table 18. Tukey’s HSD Test Results for Mean Percent Signal Strength Across all Items and Locations 
Rank Position Mean Percent 
Signal Strength 
Group 
1 33 73.76 A 
2 23 69.28 AB 
3 34 67.62 AB 
4 15 66.53 AB 
5 24 65.44 AB 
6 36 64.54 ABC 
7 21 64.35 ABC 
8 22 63.20 ABC 
9 31 62.88 ABC 
10 35 62.62 ABC 
11 25 61.92 ABC 
12 16 60.06 ABC 
13 13 59.42 ABC 
14 14 59.30 ABC 
15 26 59.04 ABC 
16 32 58.40 ABC 
17 11 57.06 ABC 
18 12 53.86 BC 
 
Thus, being that the results from the remaining seventeen (17) are not statistically different from each 
other, and that the one position that was did not consistently perform more poorly than the others, it 
cannot be said that there are any locations that favored the items for detection more-so or less-so than 
the other locations. 
As to what caused the differences in the Mean Percent Signal Strength across the locations, again, the 
orientation of the object and the tag on the object could explain the differences.  
This would explain, as well, why some of the locations offered great performance for some of the 
items, and poor performance for others – If the RFID tag wasn’t consistently in the exact same location in 
the cart, variability would have been introduced to the experiment. Further, it is also possible that the 
item shifted or settled while being moved from one location to another, which would also cause a change 
in the tag’s orientation with respect to the antennas.  
The Location Test did not show that there were any locations in the cart that were statistically worse 
for detecting the RFID tags. However, it did show that in most cases, placing the item towards the side of 
the cart caused higher detectability of the tag, most likely due to the improved relative location of the tag 





Full Cart Test 
Results 
The Full Cart Test results are summarized in Table 19, which shows the different cart configurations that 
were scanned, their items, and whether or not that item was detected in each observation (1 meaning it 
was detected, 0 meaning it was not). In total, 420 of the possible 550 items were detected across all 
observations, resulting in a 76.36% detection rate.  
Table 19. Full Cart Test Results 
 
Item No. Item Name 1 2 3 4 5 Item No. Item Name 1 2 3 4 5 Item No. Item Name 1 2 3 4 5
3 Butter 1 1 1 1 1 2 Bag of Oranges 1 1 1 1 1 6 Cereal 1 1 1 1 1
5 Celery 1 1 1 1 1 8 Crackers 1 1 1 1 1 12 Package of Steak 1 1 1 1 1
8 Crackers 1 1 1 1 1 10 Loaf of Bread 1 1 1 1 1 18 Glassware 1 1 1 1 1
14 Potato Chips 0 0 0 0 0 18 Glassware 1 1 1 1 1 29 Batteries 1 1 1 1 1
19 Bottle of Wine 1 1 1 1 1 19 Bottle of Wine 1 1 1 1 1 43 Screwdriver Set 1 1 1 1 1
21 Honey 1 1 1 1 1 24 Pickles 0 0 1 1 0 46 Rubber Bands 1 1 1 1 1
22 Maple Syrup 1 1 1 1 1 26 Six Pack of Beer 1 1 1 1 1 48 Coffee K Cups 1 1 1 1 1
23 Pasta Sauce 0 0 0 0 0 35 Thermos 0 0 0 0 0 57 Mustard 0 0 0 0 0
28 Aluminum Foil 0 0 0 0 0 37 Watch 1 1 1 1 1 59 Soap 1 1 1 1 1
34 Silverware 1 1 1 1 1 40 Canned Soup 0 0 0 0 0 61 Ethernet Cables 1 1 1 1 1
39 12 Pack of Soda 0 0 0 0 0 42 Drill Bit Set 1 1 1 1 1 9 9 9 9 9
40 Canned Soup 0 0 0 0 0 45 Printer Ink 1 1 1 1 1
45 Printer Ink 1 1 1 1 1 47 Tupperware 1 1 1 1 1
50 Fabric Softener 0 0 0 0 0 55 Motor Oil 1 1 1 1 1
54 Liquid Detergent 0 0 1 1 1 58 Shampoo 0 0 0 0 0 Item No. Item Name 1 2 3 4 5
60 Surface Cleaner 0 1 1 1 1 63 Headphones 1 1 1 1 1 10 Loaf of Bread 1 1 1 1 1
62 Game Controller 1 1 1 1 1 12 12 13 13 12 15 Prepackaged Fruit 1 1 1 1 1
64 Speaker 1 1 1 1 1 26 Six Pack of Beer 1 1 1 1 1
10 11 12 12 12 28 Aluminum Foil 0 0 0 0 0
30 Coffee Tin 0 0 0 0 0
Item No. Item Name 1 2 3 4 5 40 Canned Soup 0 0 0 0 0
6 Cereal 1 1 1 1 1 53 Detergent Pods 1 1 1 1 1
Item No. Item Name 1 2 3 4 5 24 Pickles 0 0 0 0 0 55 Motor Oil 1 1 1 1 1
13 Pet Food 1 1 1 1 1 34 Silverware 1 1 1 1 1 5 5 5 5 5
16 Rice 1 1 1 1 1 38 Canned Food 0 0 0 0 0
18 Glassware 1 1 1 1 1 52 Ketchup Bottle 0 0 0 0 0
22 Maple Syrup 1 1 1 1 1 54 Liquid Detergent 1 1 1 1 1
35 Thermos 0 0 0 0 0 62 Game Controller 1 1 1 1 1 Item No. Item Name 1 2 3 4 5
43 Screwdriver Set 1 1 1 1 1 4 4 4 4 4 1 Bag of Nuts 1 1 1 1 1
46 Rubber Bands 1 1 1 1 1 2 Bag of Oranges 1 1 1 1 1
33 Bottled Soda 1 1 1 1 1 9 Hot Dogs 0 0 0 0 0
56 Mouthwash 1 1 1 1 1 16 Rice 1 1 1 1 1
61 Ethernet Cables 1 1 1 1 1 Item No. Item Name 1 2 3 4 5 17 Fruit Cups 1 1 1 1 1
62 Game Controller 1 1 1 1 1 2 Bag of Oranges 1 1 1 1 1 19 Bottle of Wine 1 1 1 1 1
10 10 10 10 10 14 Potato Chips 0 0 0 0 0 20 Candle 1 1 1 1 1
16 Rice 1 1 1 1 1 21 Honey 1 1 1 1 1
20 Candle 1 1 1 1 1 24 Pickles 0 0 0 0 0
22 Maple Syrup 0 0 0 0 0 29 Batteries 1 1 1 1 1
Item No. Item Name 1 2 3 4 5 31 Oil Filter 1 1 1 1 1 31  Oil Filter 1 1 1 1 1
9 Hot Dogs 0 0 0 0 0 42 Drill Bit Set 1 1 1 1 1 38 Canned Food 0 0 0 0 0
15 Prepackaged Fruit 1 1 1 1 1 50 Fabric Softener 1 1 1 1 1 39 12 Pack of Cola 1 1 1 1 1
31 Oil Filter 1 1 1 1 1 56 Mouthwash 1 1 1 1 1 40 Canned Soup 1 1 1 1 1
33 Bottled Soda 1 1 1 1 1 7 7 7 7 7 50 Fabric Softener 1 1 1 1 1
49 Screws/Nails 1 0 0 0 0 52 Ketchup 1 1 1 1 1
57 Mustard 0 0 0 0 0 55 Motor Oil 1 1 1 1 1
4 3 3 3 3 56 Mouthwash 1 1 1 1 1
Item No. Item Name 1 2 3 4 5 59 Soap 1 1 1 1 1
1 Bag of Nuts 1 1 1 1 1 63 Headphones 1 1 1 1 1
27 Light Bulbs 1 1 1 1 1 14 14 14 14 14
29 Batteries 1 1 1 1 1
44 Pens/Pencils 1 1 1 1 1
55 Motor Oil 1 1 1 1 1
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The primary takeaway from the Full Cart Test results is there was an overall detection rate of 76.36%. The 
following items were never detected in any of the observations:
• Maple Syrup 
• Mustard 
• Pasta Sauce 
• Pickles 
• Potato Chips 
• Shampoo 
• Thermos 
• 12 Pack of Soda 
• Aluminum Foil 
• Canned Food 
• Canned Soup 
• Coffee Tin 
• Fabric Softener 
• Hot Dogs 
• Ketchup Bottle
The following items were detected at least one time, but were not detected consistently across all 
observations in the Full Cart Test: 
• Surface Cleaner 
• Liquid Detergent 
• Screws/Nails 
• Pickles
Of the items that were either not detected or detected inconsistently, nearly all of them fell into either 
the “Liquid” or “Metal” Category. Hot Dogs and Potato Chips were not in either the “Liquid” or “Metal” 
Categories, though a package of hot dogs does contain a large amount of liquid, and the bag of potato 
chips has a foil lining, so it’s more likely that they were miscategorized as food when they should have 
been part of the other two categories.  
There appears to be correlation between the number of items in the cart, the number of metal and 
liquid items in the cart, and the number of items that were not detected. Table 20 shows the output of a 
Linear Regression on these parameters: 
Table 20. Linear Regression of Number of Items Not Detected vs Number Metal, Liquid, and in Cart 
Coefficients Estimate Std. Error t-value Pr(>|t|) 
Intercept -0.8131 0.4338 -1.874 0.0672 
No. Items Present in Cart -0.3173 0.1452 -2.186 3.39E-02 
No. Liquid Items 1.3213 0.3620 3.650 6.68E-04 
No. Metal Items 0.7586 0.1679 4.518 4.34E-05 
Multiple R-Squared: 0.73   p-value: 3.951E-13 
 
 With a p-value of 0.0672 on the Intercept, the Linear Regression shows that these parameters do not 
explain a statistically significant portion of the variance when using 𝛼 = 0.05. Therefore, we fail to reject 
the null hypothesis, and cannot conclude that there is a relationship between these parameters and the 
number of items that were not detected in the cart. 
The results of this test could likely be more significant if more cart configurations made up of different 
items were tested. Additionally, the placement of the items in the cart likely had a large effect on the 
item’s detectability (EG: The Orientation Test performed for the Material Interference Test), so 
reorganizing the same cart multiple times and comparing the result would give further indication of the 
reproducibility of the experiment. 
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Ultimately, the Full Cart Test shows that practical application of RFID in an environment like the one 
simulated is not where it needs to be for retailers to adopt the technology.  
Summary of Findings 
The tests following conclusions are drawn from the experiments performed: 
1. RFID tags are very susceptible to interference based on the material they are attached to, 
namely Metal and Liquids.  
2. Food and Plastic RFID-tagged items tend to be more detectable when placed near other objects 
than when alone, while Glass and Liquid RFID-tagged items tend to be less detectable when 
placed near other objects than when alone.  
3. The sides of a shopping cart offer better detectability of RFID-tagged items as compared to the 
center of the shopping cart.  
4. In a practical demonstration of RFID item-level tagging in a grocery store environment the tags 
showed a 76.36% detection rate, primarily missing on metal and liquid items.  
5. Orientation of the tagged item with respect to the antenna appears to have a significant effect 




Chapter 5. Conclusions and Future Work 
According to the experiment performed, RFID showed major limitations for use in item-level tagging in a 
grocery store environment, the primary causes of variability being the orientation of the tagged-item, the 
placement location of the tag on that item, and the material type that the tag is affixed to.  
To accommodate for these shortcomings, the following solutions should be implemented/researched: 
1. Increase the number of antennas used to detect the tags.  
• As found with the Pilot Test, the more antennas used generally meant better detection of 
the tagged items. Using more antennas would help overcome the detection problems 
caused by item orientation and the placement location of the tag on the item. Simply put, 
the more eyes you have on the tag, the more likely it is to be seen.  
• Increasing the number of antennas to six or eight would likely generally increase the 
detectability of the items in the cart.  
2. Move the antennas around the cart to limit the number of blind spots.  
• Static antennas will inevitably lead to people trying to game the system by orientating their 
items in a manner that’s more difficult to detect.  
• This could be offset by placing the antennas on a track and moving them around the cart, 
rather than keeping them in static positions.  
3. Develop cheap, passive RFID Tags that work on metal and liquid objects, or package items 
differently such that the RFID tags are not directly touching the metal surface.  
• While it isn’t a feasible request due to cost and environmental impact to have all metal and 
liquid be placed in a secondary, external packaging, the one object of the two categories 
that didn’t have trouble being detected was the Oil Filter, which was inside of a thin, 
cardboard box.  
• Implementing a method of insulating the RFID tag from the item that it’s touching (either by 
the backing of the RFID tag or that packaging of the item, itself) would likely increase the 
detectability of the tag.  
While the technology has applications where it excels, a 76.36% detection rate with the items tested 
shows that it is in a state where retailers will be unlikely to implement the RFID item-level tagging fin a 
grocery store environment for consumer use any time soon. According to the National Retail Federation, 
the world’s largest retail trade association, inventory shrinkage (loss) was at 1.33% for retailers in 2018 
[23] – it’s unlikely they would be willing to increase their preventable losses by such a large factor for the 
limited benefit the retailer would see.  
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Appendix A. List of Item Selection and Material Categories 
Item Category 1 Category 2  Item Category 1 Category 2 
Bag of Nuts Food -  Screws/Nails Metal - 
Bag of Oranges Food -  Silverware Metal - 
Butter Food -  Thermos Metal - 
Carrots Food -  USB Hub Metal - 
Celery Food -  Watch Metal - 
Cereal Food -  Canned Food Metal Food 
Cheese Block Food -  12 Pack of Cola Metal Liquid 
Crackers Food -  Canned Soup Metal Liquid 
Hot Dogs Food -  Tuna Cans Metal Liquid 
Loaf of Bread Food -  Drill Bit Set Metal Plastic 
Package of Lettuce Food -  Screwdriver set Metal Plastic 
Package of Steak Food -  Pens/Pencils Plastic - 
Pet Food Food -  Printer Ink Plastic - 
Potato Chips Food -  Rubber Bands Plastic - 
Prepackaged Fruit Food -  Tupperware Plastic - 
Rice Food -  Coffee K Cups Plastic Food 
Fruit Cups Food Liquid  Bottled Sodas Plastic Liquid 
Glassware Glass -  Fabric Softener Plastic Liquid 
Bottle of Wine Glass Liquid  Gallon of Water Plastic Liquid 
Candle Glass Liquid  Ketchup Bottle Plastic Liquid 
Honey Glass Liquid  Laundry Detergent Pods Plastic Liquid 
Maple Syrup Glass Liquid  Liquid Detergent Plastic Liquid 
Pasta Sauce Glass Liquid  Motor Oil Plastic Liquid 
Pickles Glass Liquid  Mouthwash Plastic Liquid 
Queso Glass Liquid  Mustard Bottle Plastic Liquid 
Six Pack of Beer Glass Liquid  Shampoo Plastic Liquid 
Light Bulbs Glass Metal  Soap Plastic Liquid 
Aluminum Foil Metal -  Surface Cleaner Plastic Liquid 
Batteries Metal -  Ethernet Cables (2x) Plastic Metal 
Coffee Tin Metal -  Game Controller Plastic Metal 
Oil Filter Metal -  Headphones (Over Ear) Plastic Metal 






Appendix B. Pre-Compiled Cart Configurations 1-6 
Cart No. Item No. Item Name  Cart No. Item No. Item Name 
1 
50 Fabric Softener  
4 
35 Thermos 
14 Potato Chips  2 Bag of Oranges 
23 Pasta Sauce  26 Six Pack of Beer 
45 Printer Ink  63 
Headphones (Over 
Ear) 
40 Canned Soup  24 Pickles 
28 Aluminum Foil  42 Drill Bit Set 
64 Speaker  18 Glassware 
21 Honey  58 Shampoo 
62 Game Controller  37 Watch 
3 Butter  8 Crackers 
34 Silverware  45 Printer Ink 
54 Liquid Detergent  55 Motor Oil 
8 Crackers  40 Canned Soup 
19 Bottle of Wine  10 Loaf of Bread 
39 12 Pack of Soda  47 Tupperware 
60 Surface Cleaner  19 Bottle of Wine 
22 Maple Syrup  
5 
62 Game Controller 
5 Celery  24 Pickles 
2 
46 Rubber Bands  6 Cereal 
22 Maple Syrup  34 Silverware 
43 Screwdrivers Set  54 Liquid Detergent 
13 Pet Food  52 Ketchup Bottle 
16 Rice  38 Canned Food 
56 Mouthwash  
6 
31 Oil Filter 
18 Glassware  16 Rice 
62 Game Controller  25 Queso 
61 Ethernet Cables  42 Drill Bit Set 
35 Thermos  50 Fabric Softener 
33 Bottled Soda  14 Potato Chips 
3 
33 Screws/Nails  22 Maple Syrup 
49 Bottled Soda  2 Bag of Oranges 
57 Mustard  56 Mouthwash 
9 Hot Dogs     
31 Oil Filter     
15 
Prepackaged 
Fruit     
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Appendix C. Pre-Compiled Cart Configurations 7-10 
 
  
Cart No. Item No. Item Name  Cart No. Item No. Item Name 
7 
29 Batteries  
10 
17 Fruit Cups 
55 Motor Oil  38 Canned Food 
44 Pens/Pencils  24 Pickles 
1 Bag of Nuts  52 Ketchup 
27 Light Bulbs  21 Honey 
8 
48 Coffee K Cups  20 Candle 
59 Soap  59 Soap 
12 Package of Steak  9 Hot Dogs 
29 Batteries  31  Oil Filter 
8 Cereal  2 Bag of Oranges 
57 Motor Oil  50 Fabric Softener 
46 Rubber Bands  40 Canned Soup 
61 Ethernet Cables  39 12 Pack of Cola 
43 Screwdriver Set  55 Motor Oil 
18 Glassware  19 Bottle of Wine 
9 
28 Aluminum Foil  16 Rice 
10 Loaf of Bread  29 Batteries 
53 
Laundry Detergent 
Pods  63 
Headphones (Over 
Ear) 
40 Canned Soup  1 Bag of Nuts 
55 Motor Oil  56 Mouthwash 
30 Coffee Tin     
15 Prepackaged Fruit     
26 Six Pack of Beer     
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Appendix D. Pilot Test Results 
Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
3 Butter -52 52 1 
3 Butter -52 52 1 
3 Butter -51 53.6 1 
3 Butter -51 53.6 1 
3 Butter -51 53.6 1 
3 Butter -52 52 2 
3 Butter -52 52 2 
3 Butter -52 52 2 
3 Butter -52 52 2 
3 Butter -52 52 2 
3 Butter -52 52 3 
3 Butter -52 52 3 
3 Butter -52 52 3 
3 Butter -51 53.6 3 
3 Butter -51 53.6 3 
3 Butter -59 40.8 4 
3 Butter -59 40.8 4 
3 Butter -59 40.8 4 
3 Butter -59 40.8 4 
3 Butter -59 40.8 4 
3 Butter -58 42.4 5 
3 Butter -57 44 5 
3 Butter -57 44 5 
3 Butter -57 44 5 
3 Butter -57 44 5 
3 Butter -52 52 6 
3 Butter -52 52 6 
3 Butter -52 52 6 
3 Butter -52 52 6 
3 Butter -52 52 6 
3 Butter -53 50.4 7 
3 Butter -52 52 7 
3 Butter -52 52 7 
3 Butter -52 52 7 
3 Butter -52 52 7 
3 Butter -52 52 8 
3 Butter -52 52 8 
3 Butter -52 52 8 
3 Butter -52 52 8 
3 Butter -51 53.6 8 
8 Crackers -58 42.4 1 
8 Crackers -58 42.4 1 
8 Crackers -58 42.4 1 
8 Crackers -58 42.4 1 
8 Crackers -58 42.4 1 
8 Crackers -53 50.4 2 
8 Crackers -53 50.4 2 
8 Crackers -53 50.4 2 
8 Crackers -52 52 2 
8 Crackers -52 52 2 
8 Crackers -53 50.4 3 
8 Crackers -53 50.4 3 
8 Crackers -53 50.4 3 
8 Crackers -53 50.4 3 
8 Crackers -53 50.4 3 
8 Crackers -61 37.6 4 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
8 Crackers -60 39.2 4 
8 Crackers -60 39.2 4 
8 Crackers -58 42.4 4 
8 Crackers -72 20 5 
8 Crackers -72 20 5 
8 Crackers -72 20 5 
8 Crackers -72 20 5 
8 Crackers -70 23.2 5 
8 Crackers -53 50.4 6 
8 Crackers -53 50.4 6 
8 Crackers -53 50.4 6 
8 Crackers -53 50.4 6 
8 Crackers -52 52 6 
8 Crackers -58 42.4 7 
8 Crackers -58 42.4 7 
8 Crackers -58 42.4 7 
8 Crackers -58 42.4 7 
8 Crackers -56 45.6 7 
8 Crackers -53 50.4 8 
8 Crackers -53 50.4 8 
8 Crackers -53 50.4 8 
8 Crackers -53 50.4 8 
8 Crackers -52 52 8 
14 Potato Chips -84.5 0 1 
14 Potato Chips -84.5 0 1 
14 Potato Chips -84.5 0 1 
14 Potato Chips -84.5 0 1 
14 Potato Chips -84.5 0 1 
14 Potato Chips -84.5 0 2 
14 Potato Chips -84.5 0 2 
14 Potato Chips -84.5 0 2 
14 Potato Chips -84.5 0 2 
14 Potato Chips -84.5 0 2 
14 Potato Chips -84.5 0 3 
14 Potato Chips -84.5 0 3 
14 Potato Chips -84.5 0 3 
14 Potato Chips -84.5 0 3 
14 Potato Chips -84.5 0 3 
14 Potato Chips -84.5 0 4 
14 Potato Chips -84.5 0 4 
14 Potato Chips -84.5 0 4 
14 Potato Chips -84.5 0 4 
14 Potato Chips -84.5 0 4 
14 Potato Chips -84.5 0 5 
14 Potato Chips -84.5 0 5 
14 Potato Chips -84.5 0 5 
14 Potato Chips -84.5 0 5 
14 Potato Chips -84.5 0 5 
14 Potato Chips -84.5 0 6 
14 Potato Chips -84.5 0 6 
14 Potato Chips -84.5 0 6 
14 Potato Chips -84.5 0 6 
14 Potato Chips -84.5 0 6 
14 Potato Chips -84.5 0 7 
14 Potato Chips -84.5 0 7 
14 Potato Chips -84.5 0 7 
14 Potato Chips -84.5 0 7 
14 Potato Chips -84.5 0 7 
14 Potato Chips -84.5 0 8 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
14 Potato Chips -84.5 0 8 
14 Potato Chips -84.5 0 8 
14 Potato Chips -84.5 0 8 
18 Glassware -67 28 1 
18 Glassware -65 31.2 1 
18 Glassware -64 32.8 1 
18 Glassware -64 32.8 1 
18 Glassware -63 34.4 1 
18 Glassware -47 60 2 
18 Glassware -47 60 2 
18 Glassware -47 60 2 
18 Glassware -47 60 2 
18 Glassware -47 60 2 
18 Glassware -47 60 3 
18 Glassware -47 60 3 
18 Glassware -47 60 3 
18 Glassware -47 60 3 
18 Glassware -47 60 3 
18 Glassware -60 39.2 4 
18 Glassware -60 39.2 4 
18 Glassware -60 39.2 4 
18 Glassware -60 39.2 4 
18 Glassware -60 39.2 4 
18 Glassware -49 56.8 5 
18 Glassware -49 56.8 5 
18 Glassware -48 58.4 5 
18 Glassware -48 58.4 5 
18 Glassware -48 58.4 5 
18 Glassware -47 60 6 
18 Glassware -47 60 6 
18 Glassware -47 60 6 
18 Glassware -47 60 6 
18 Glassware -47 60 6 
18 Glassware -49 56.8 7 
18 Glassware -49 56.8 7 
18 Glassware -49 56.8 7 
18 Glassware -49 56.8 7 
18 Glassware -48 58.4 7 
18 Glassware -47 60 8 
18 Glassware -47 60 8 
18 Glassware -47 60 8 
18 Glassware -46 61.6 8 
18 Glassware -46 61.6 8 
26 Six Pack of Beer -58 42.4 1 
26 Six Pack of Beer -58 42.4 1 
26 Six Pack of Beer -58 42.4 1 
26 Six Pack of Beer -58 42.4 1 
26 Six Pack of Beer -56 45.6 1 
26 Six Pack of Beer -58 42.4 2 
26 Six Pack of Beer -58 42.4 2 
26 Six Pack of Beer -58 42.4 2 
26 Six Pack of Beer -57 44 2 
26 Six Pack of Beer -57 44 2 
26 Six Pack of Beer -58 42.4 3 
26 Six Pack of Beer -58 42.4 3 
26 Six Pack of Beer -58 42.4 3 
26 Six Pack of Beer -58 42.4 3 
26 Six Pack of Beer -56 45.6 3 
26 Six Pack of Beer -70 23.2 4 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
26 Six Pack of Beer -69 24.8 4 
26 Six Pack of Beer -69 24.8 4 
26 Six Pack of Beer -69 24.8 4 
26 Six Pack of Beer -67 28 5 
26 Six Pack of Beer -66 29.6 5 
26 Six Pack of Beer -64 32.8 5 
26 Six Pack of Beer -64 32.8 5 
26 Six Pack of Beer -64 32.8 5 
26 Six Pack of Beer -58 42.4 6 
26 Six Pack of Beer -58 42.4 6 
26 Six Pack of Beer -58 42.4 6 
26 Six Pack of Beer -58 42.4 6 
26 Six Pack of Beer -57 44 6 
26 Six Pack of Beer -59 40.8 7 
26 Six Pack of Beer -59 40.8 7 
26 Six Pack of Beer -58 42.4 7 
26 Six Pack of Beer -58 42.4 7 
26 Six Pack of Beer -57 44 7 
26 Six Pack of Beer -58 42.4 8 
26 Six Pack of Beer -58 42.4 8 
26 Six Pack of Beer -58 42.4 8 
26 Six Pack of Beer -58 42.4 8 
26 Six Pack of Beer -58 42.4 8 
27 Light Bulbs -64 32.8 1 
27 Light Bulbs -64 32.8 1 
27 Light Bulbs -64 32.8 1 
27 Light Bulbs -64 32.8 1 
27 Light Bulbs -63 34.4 1 
27 Light Bulbs -57 44 2 
27 Light Bulbs -57 44 2 
27 Light Bulbs -57 44 2 
27 Light Bulbs -56 45.6 2 
27 Light Bulbs -56 45.6 2 
27 Light Bulbs -57 44 3 
27 Light Bulbs -57 44 3 
27 Light Bulbs -57 44 3 
27 Light Bulbs -57 44 3 
27 Light Bulbs -57 44 3 
27 Light Bulbs -66 29.6 4 
27 Light Bulbs -63 34.4 4 
27 Light Bulbs -63 34.4 4 
27 Light Bulbs -63 34.4 4 
27 Light Bulbs -62 36 4 
27 Light Bulbs -63 34.4 5 
27 Light Bulbs -63 34.4 5 
27 Light Bulbs -63 34.4 5 
27 Light Bulbs -62 36 5 
27 Light Bulbs -62 36 5 
27 Light Bulbs -57 44 6 
27 Light Bulbs -57 44 6 
27 Light Bulbs -57 44 6 
27 Light Bulbs -57 44 6 
27 Light Bulbs -56 45.6 6 
27 Light Bulbs -64 32.8 7 
27 Light Bulbs -63 34.4 7 
27 Light Bulbs -62 36 7 
27 Light Bulbs -62 36 7 
27 Light Bulbs -62 36 7 
27 Light Bulbs -58 42.4 8 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
27 Light Bulbs -57 44 8 
27 Light Bulbs -57 44 8 
27 Light Bulbs -57 44 8 
29 Batteries -59 40.8 1 
29 Batteries -56 45.6 1 
29 Batteries -56 45.6 1 
29 Batteries -56 45.6 1 
29 Batteries -56 45.6 1 
29 Batteries -69 24.8 2 
29 Batteries -68 26.4 2 
29 Batteries -67 28 2 
29 Batteries -67 28 2 
29 Batteries -65 31.2 2 
29 Batteries -57 44 3 
29 Batteries -56 45.6 3 
29 Batteries -56 45.6 3 
29 Batteries -56 45.6 3 
29 Batteries -56 45.6 3 
29 Batteries -84.5 0 4 
29 Batteries -84.5 0 4 
29 Batteries -84.5 0 4 
29 Batteries -84.5 0 4 
29 Batteries -84.5 0 4 
29 Batteries -68 26.4 5 
29 Batteries -68 26.4 5 
29 Batteries -68 26.4 5 
29 Batteries -68 26.4 5 
29 Batteries -68 26.4 5 
29 Batteries -68 26.4 6 
29 Batteries -68 26.4 6 
29 Batteries -68 26.4 6 
29 Batteries -67 28 6 
29 Batteries -65 31.2 6 
29 Batteries -58 42.4 7 
29 Batteries -58 42.4 7 
29 Batteries -56 45.6 7 
29 Batteries -56 45.6 7 
29 Batteries -56 45.6 7 
29 Batteries -59 40.8 8 
29 Batteries -59 40.8 8 
29 Batteries -57 44 8 
29 Batteries -56 45.6 8 
29 Batteries -56 45.6 8 
30 Coffee Tin -84.5 0 1 
30 Coffee Tin -84.5 0 1 
30 Coffee Tin -84.5 0 1 
30 Coffee Tin -84.5 0 1 
30 Coffee Tin -84.5 0 1 
30 Coffee Tin -84.5 0 2 
30 Coffee Tin -84.5 0 2 
30 Coffee Tin -84.5 0 2 
30 Coffee Tin -84.5 0 2 
30 Coffee Tin -84.5 0 2 
30 Coffee Tin -84.5 0 3 
30 Coffee Tin -84.5 0 3 
30 Coffee Tin -84.5 0 3 
30 Coffee Tin -84.5 0 3 
30 Coffee Tin -84.5 0 3 
30 Coffee Tin -84.5 0 4 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
30 Coffee Tin -84.5 0 4 
30 Coffee Tin -84.5 0 4 
30 Coffee Tin -84.5 0 4 
30 Coffee Tin -84.5 0 5 
30 Coffee Tin -84.5 0 5 
30 Coffee Tin -84.5 0 5 
30 Coffee Tin -84.5 0 5 
30 Coffee Tin -84.5 0 5 
30 Coffee Tin -84.5 0 6 
30 Coffee Tin -84.5 0 6 
30 Coffee Tin -84.5 0 6 
30 Coffee Tin -84.5 0 6 
30 Coffee Tin -84.5 0 6 
30 Coffee Tin -84.5 0 7 
30 Coffee Tin -84.5 0 7 
30 Coffee Tin -84.5 0 7 
30 Coffee Tin -84.5 0 7 
30 Coffee Tin -84.5 0 7 
30 Coffee Tin -84.5 0 8 
30 Coffee Tin -84.5 0 8 
30 Coffee Tin -84.5 0 8 
30 Coffee Tin -84.5 0 8 
30 Coffee Tin -84.5 0 8 
31 Oil Filter -47 60 1 
31 Oil Filter -47 60 1 
31 Oil Filter -46 61.6 1 
31 Oil Filter -46 61.6 1 
31 Oil Filter -46 61.6 1 
31 Oil Filter -59 40.8 2 
31 Oil Filter -59 40.8 2 
31 Oil Filter -59 40.8 2 
31 Oil Filter -57 44 2 
31 Oil Filter -57 44 2 
31 Oil Filter -47 60 3 
31 Oil Filter -47 60 3 
31 Oil Filter -46 61.6 3 
31 Oil Filter -46 61.6 3 
31 Oil Filter -46 61.6 3 
31 Oil Filter -41 69.6 4 
31 Oil Filter -40 71.2 4 
31 Oil Filter -40 71.2 4 
31 Oil Filter -39 72.8 4 
31 Oil Filter -39 72.8 4 
31 Oil Filter -51 53.6 5 
31 Oil Filter -50 55.2 5 
31 Oil Filter -50 55.2 5 
31 Oil Filter -50 55.2 5 
31 Oil Filter -50 55.2 5 
31 Oil Filter -51 53.6 6 
31 Oil Filter -51 53.6 6 
31 Oil Filter -50 55.2 6 
31 Oil Filter -50 55.2 6 
31 Oil Filter -50 55.2 6 
31 Oil Filter -49 56.8 7 
31 Oil Filter -47 60 7 
31 Oil Filter -47 60 7 
31 Oil Filter -47 60 7 
31 Oil Filter -46 61.6 7 
31 Oil Filter -52 52 8 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
31 Oil Filter -47 60 8 
31 Oil Filter -46 61.6 8 
31 Oil Filter -46 61.6 8 
40 Canned Soup -84.5 0 1 
40 Canned Soup -84.5 0 1 
40 Canned Soup -84.5 0 1 
40 Canned Soup -84.5 0 1 
40 Canned Soup -84.5 0 1 
40 Canned Soup -84.5 0 2 
40 Canned Soup -84.5 0 2 
40 Canned Soup -84.5 0 2 
40 Canned Soup -84.5 0 2 
40 Canned Soup -84.5 0 2 
40 Canned Soup -84.5 0 3 
40 Canned Soup -84.5 0 3 
40 Canned Soup -84.5 0 3 
40 Canned Soup -84.5 0 3 
40 Canned Soup -84.5 0 3 
40 Canned Soup -84.5 0 4 
40 Canned Soup -84.5 0 4 
40 Canned Soup -84.5 0 4 
40 Canned Soup -84.5 0 4 
40 Canned Soup -84.5 0 4 
40 Canned Soup -84.5 0 5 
40 Canned Soup -84.5 0 5 
40 Canned Soup -84.5 0 5 
40 Canned Soup -84.5 0 5 
40 Canned Soup -84.5 0 5 
40 Canned Soup -84.5 0 6 
40 Canned Soup -84.5 0 6 
40 Canned Soup -84.5 0 6 
40 Canned Soup -84.5 0 6 
40 Canned Soup -84.5 0 6 
40 Canned Soup -84.5 0 7 
40 Canned Soup -84.5 0 7 
40 Canned Soup -84.5 0 7 
40 Canned Soup -84.5 0 7 
40 Canned Soup -84.5 0 7 
40 Canned Soup -84.5 0 8 
40 Canned Soup -84.5 0 8 
40 Canned Soup -84.5 0 8 
40 Canned Soup -84.5 0 8 
40 Canned Soup -84.5 0 8 
46 Rubber Bands -58 42.4 1 
46 Rubber Bands -57 44 1 
46 Rubber Bands -56 45.6 1 
46 Rubber Bands -55 47.2 1 
46 Rubber Bands -55 47.2 1 
46 Rubber Bands -47 60 2 
46 Rubber Bands -46 61.6 2 
46 Rubber Bands -46 61.6 2 
46 Rubber Bands -46 61.6 2 
46 Rubber Bands -46 61.6 2 
46 Rubber Bands -46 61.6 3 
46 Rubber Bands -46 61.6 3 
46 Rubber Bands -46 61.6 3 
46 Rubber Bands -46 61.6 3 
46 Rubber Bands -46 61.6 3 
46 Rubber Bands -50 55.2 4 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
46 Rubber Bands -50 55.2 4 
46 Rubber Bands -50 55.2 4 
46 Rubber Bands -50 55.2 4 
46 Rubber Bands -59 40.8 5 
46 Rubber Bands -59 40.8 5 
46 Rubber Bands -59 40.8 5 
46 Rubber Bands -58 42.4 5 
46 Rubber Bands -58 42.4 5 
46 Rubber Bands -47 60 6 
46 Rubber Bands -46 61.6 6 
46 Rubber Bands -46 61.6 6 
46 Rubber Bands -46 61.6 6 
46 Rubber Bands -46 61.6 6 
46 Rubber Bands -58 42.4 7 
46 Rubber Bands -56 45.6 7 
46 Rubber Bands -56 45.6 7 
46 Rubber Bands -56 45.6 7 
46 Rubber Bands -56 45.6 7 
46 Rubber Bands -47 60 8 
46 Rubber Bands -47 60 8 
46 Rubber Bands -47 60 8 
46 Rubber Bands -47 60 8 
46 Rubber Bands -46 61.6 8 
47 Tupperware -47 60 1 
47 Tupperware -47 60 1 
47 Tupperware -47 60 1 
47 Tupperware -47 60 1 
47 Tupperware -47 60 1 
47 Tupperware -53 50.4 2 
47 Tupperware -52 52 2 
47 Tupperware -52 52 2 
47 Tupperware -51 53.6 2 
47 Tupperware -51 53.6 2 
47 Tupperware -47 60 3 
47 Tupperware -47 60 3 
47 Tupperware -47 60 3 
47 Tupperware -47 60 3 
47 Tupperware -47 60 3 
47 Tupperware -48 58.4 4 
47 Tupperware -48 58.4 4 
47 Tupperware -48 58.4 4 
47 Tupperware -47 60 4 
47 Tupperware -47 60 4 
47 Tupperware -67 28 5 
47 Tupperware -66 29.6 5 
47 Tupperware -65 31.2 5 
47 Tupperware -65 31.2 5 
47 Tupperware -63 34.4 5 
47 Tupperware -52 52 6 
47 Tupperware -52 52 6 
47 Tupperware -52 52 6 
47 Tupperware -52 52 6 
47 Tupperware -52 52 6 
47 Tupperware -48 58.4 7 
47 Tupperware -48 58.4 7 
47 Tupperware -47 60 7 
47 Tupperware -47 60 7 
47 Tupperware -47 60 7 
47 Tupperware -48 58.4 8 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
47 Tupperware -47 60 8 
47 Tupperware -47 60 8 
47 Tupperware -47 60 8 
52 Ketchup -84.5 0 1 
52 Ketchup -84.5 0 1 
52 Ketchup -84.5 0 1 
52 Ketchup -84.5 0 1 
52 Ketchup -84.5 0 1 
52 Ketchup -72 20 2 
52 Ketchup -72 20 2 
52 Ketchup -72 20 2 
52 Ketchup -72 20 2 
52 Ketchup -72 20 2 
52 Ketchup -73 18.4 3 
52 Ketchup -72 20 3 
52 Ketchup -72 20 3 
52 Ketchup -72 20 3 
52 Ketchup -72 20 3 
52 Ketchup -84.5 0 4 
52 Ketchup -84.5 0 4 
52 Ketchup -84.5 0 4 
52 Ketchup -84.5 0 4 
52 Ketchup -84.5 0 4 
52 Ketchup -84.5 0 5 
52 Ketchup -84.5 0 5 
52 Ketchup -84.5 0 5 
52 Ketchup -84.5 0 5 
52 Ketchup -84.5 0 5 
52 Ketchup -72 20 6 
52 Ketchup -72 20 6 
52 Ketchup -72 20 6 
52 Ketchup -72 20 6 
52 Ketchup -72 20 6 
52 Ketchup -84.5 0 7 
52 Ketchup -84.5 0 7 
52 Ketchup -84.5 0 7 
52 Ketchup -84.5 0 7 
52 Ketchup -84.5 0 7 
52 Ketchup -73 18.4 8 
52 Ketchup -73 18.4 8 
52 Ketchup -73 18.4 8 
52 Ketchup -72 20 8 
52 Ketchup -72 20 8 
56 Mouthwash -66 29.6 1 
56 Mouthwash -65 31.2 1 
56 Mouthwash -65 31.2 1 
56 Mouthwash -64 32.8 1 
56 Mouthwash -63 34.4 1 
56 Mouthwash -73 18.4 2 
56 Mouthwash -73 18.4 2 
56 Mouthwash -72 20 2 
56 Mouthwash -72 20 2 
56 Mouthwash -72 20 2 
56 Mouthwash -66 29.6 3 
56 Mouthwash -66 29.6 3 
56 Mouthwash -65 31.2 3 
56 Mouthwash -65 31.2 3 
56 Mouthwash -64 32.8 3 
56 Mouthwash -84.5 0 4 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
56 Mouthwash -84.5 0 4 
56 Mouthwash -84.5 0 4 
56 Mouthwash -84.5 0 4 
56 Mouthwash -84.5 0 5 
56 Mouthwash -84.5 0 5 
56 Mouthwash -84.5 0 5 
56 Mouthwash -84.5 0 5 
56 Mouthwash -84.5 0 5 
56 Mouthwash -84.5 0 6 
56 Mouthwash -73 18.4 6 
56 Mouthwash -73 18.4 6 
56 Mouthwash -73 18.4 6 
56 Mouthwash -72 20 6 
56 Mouthwash -67 28 7 
56 Mouthwash -67 28 7 
56 Mouthwash -64 32.8 7 
56 Mouthwash -64 32.8 7 
56 Mouthwash -64 32.8 7 
56 Mouthwash -69 24.8 8 
56 Mouthwash -64 32.8 8 
56 Mouthwash -64 32.8 8 
56 Mouthwash -64 32.8 8 
56 Mouthwash -64 32.8 8 
59 Soap -84.5 0 1 
59 Soap -84.5 0 1 
59 Soap -84.5 0 1 
59 Soap -84.5 0 1 
59 Soap -84.5 0 1 
59 Soap -74 16.8 2 
59 Soap -74 16.8 2 
59 Soap -73 18.4 2 
59 Soap -73 18.4 2 
59 Soap -73 18.4 2 
59 Soap -74 16.8 3 
59 Soap -74 16.8 3 
59 Soap -74 16.8 3 
59 Soap -74 16.8 3 
59 Soap -73 18.4 3 
59 Soap -84.5 0 4 
59 Soap -84.5 0 4 
59 Soap -84.5 0 4 
59 Soap -84.5 0 4 
59 Soap -84.5 0 4 
59 Soap -84.5 0 5 
59 Soap -84.5 0 5 
59 Soap -84.5 0 5 
59 Soap -84.5 0 5 
59 Soap -84.5 0 5 
59 Soap -75 15.2 6 
59 Soap -74 16.8 6 
59 Soap -74 16.8 6 
59 Soap -74 16.8 6 
59 Soap -73 18.4 6 
59 Soap -84.5 0 7 
59 Soap -84.5 0 7 
59 Soap -84.5 0 7 
59 Soap -84.5 0 7 
59 Soap -84.5 0 7 
59 Soap -75 15.2 8 




Tag Number Tag Name Signal Strength Percent Signal Strength Antenna Arrangement 
59 Soap -74 16.8 8 
59 Soap -74 16.8 8 
59 Soap -73 18.4 8 
 
Appendix E. Tukey’s HSD Test Results for Pilot Test Grouped by Antenna & Item 
Item Number Antenna Arrangement Rank Means Group 
3 1 1 52.96 A 
3 3 2 52.64 AB 
3 8 3 52.32 AB 
3 2 4 52 AB 
3 6 5 52 AB 
3 7 6 51.68 B 
3 5 7 43.68 C 
3 4 8 40.8 D 
8 2 1 51.04 A 
8 6 2 50.72 A 
8 8 3 50.72 A 
8 3 4 50.4 A 
8 7 5 43.04 B 
8 1 6 42.4 B 
8 4 7 39.52 C 
8 5 8 20.64 D 
18 8 1 60.64 A 
18 2 2 60 A 
18 3 3 60 A 
18 6 4 60 A 
18 5 5 57.76 B 
18 7 6 57.12 B 
18 4 7 39.2 C 
18 1 8 31.84 D 
26 1 1 43.04 A 
26 2 2 43.04 A 
26 3 3 43.04 A 
26 6 4 42.72 A 
26 8 5 42.4 A 
26 7 6 42.08 A 
26 5 7 31.2 B 
26 4 8 24.48 C 
27 2 1 44.64 A 
27 6 2 44.32 A 
27 3 3 44 A 
27 8 4 43.68 A 
27 7 5 35.04 B 
27 5 6 35.04 B 
27 4 7 33.76 B 
27 1 8 33.12 B 
29 3 1 45.28 A 
29 1 2 44.64 A 
29 7 3 44.32 A 
29 8 4 43.36 A 
29 2 5 27.68 B 
29 6 6 27.68 B 
29 5 7 26.4 B 
29 4 8 0 C 
31 4 1 71.52 A 




Item Number Antenna Arrangement Rank Means Group 
31 3 3 60.96 B 
31 7 4 59.68 B 
31 8 5 58.4 BC 
31 5 6 54.88 CD 
31 6 7 54.56 D 
31 2 8 42.08 E 
46 3 1 61.6 A 
46 2 2 61.28 A 
46 6 3 61.28 A 
46 8 4 60.32 A 
46 4 5 55.2 B 
46 1 6 45.28 C 
46 7 7 44.96 C 
46 5 8 41.44 D 
47 1 1 60 A 
47 3 2 60 A 
47 7 3 59.36 A 
47 8 4 59.36 A 
47 4 5 59.04 A 
47 2 6 52.32 B 
47 6 7 52 B 
47 5 8 30.88 C 
52 2 1 20 A 
52 6 2 20 A 
52 3 3 19.68 AB 
52 8 4 19.04 B 
52 1 5 0 C 
52 4 6 0 C 
52 5 7 0 C 
52 7 8 0 C 
56 1 1 31.84 A 
56 8 2 31.2 A 
56 3 3 30.88 A 
56 7 4 30.88 A 
56 2 5 19.36 B 
56 6 6 15.04 B 
56 4 7 0 C 
56 5 8 0 C 
59 2 1 17.76 A 
59 3 2 17.12 A 
59 6 3 16.8 A 
59 8 4 16.48 A 
59 1 5 0 B 
59 4 6 0 B 

















Appendix G. Material Interference Test Results 
Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
8 Crackers 0 Pilot Test 0 -53 50.4 
8 Crackers 0 Pilot Test 0 -53 50.4 
8 Crackers 0 Pilot Test 0 -53 50.4 
8 Crackers 0 Pilot Test 0 -53 50.4 
8 Crackers 0 Pilot Test 0 -52 52 
8 Crackers 3 Butter 1 -33 82.4 
8 Crackers 3 Butter 1 -30 87.2 
8 Crackers 3 Butter 1 -30 87.2 
8 Crackers 3 Butter 1 -33 82.4 
8 Crackers 3 Butter 1 -30 87.2 
8 Crackers 3 Butter 2 -30 87.2 
8 Crackers 3 Butter 2 -28 90.4 
8 Crackers 3 Butter 2 -29 88.8 
8 Crackers 3 Butter 2 -28 90.4 
8 Crackers 3 Butter 2 -28 90.4 
8 Crackers 3 Butter 3 -42 68 
8 Crackers 3 Butter 3 -46 61.6 
8 Crackers 3 Butter 3 -46 61.6 
8 Crackers 3 Butter 3 -46 61.6 
8 Crackers 3 Butter 3 -46 61.6 
8 Crackers 3 Butter 4 -41 69.6 
8 Crackers 3 Butter 4 -41 69.6 
8 Crackers 3 Butter 4 -41 69.6 
8 Crackers 3 Butter 4 -41 69.6 
8 Crackers 3 Butter 4 -41 69.6 
8 Crackers 3 Butter 5 -40 71.2 
8 Crackers 3 Butter 5 -40 71.2 
8 Crackers 3 Butter 5 -41 69.6 
8 Crackers 3 Butter 5 -40 71.2 
8 Crackers 3 Butter 5 -41 69.6 
8 Crackers 3 Butter 6 -40 71.2 
8 Crackers 3 Butter 6 -40 71.2 
8 Crackers 3 Butter 6 -40 71.2 
8 Crackers 3 Butter 6 -40 71.2 
8 Crackers 3 Butter 6 -40 71.2 
8 Crackers 18 Glassware 1 -38 74.4 
8 Crackers 18 Glassware 1 -37 76 
8 Crackers 18 Glassware 1 -37 76 
8 Crackers 18 Glassware 1 -37 76 
8 Crackers 18 Glassware 1 -37 76 
8 Crackers 18 Glassware 2 -37 76 
8 Crackers 18 Glassware 2 -36 77.6 
8 Crackers 18 Glassware 2 -38 74.4 
8 Crackers 18 Glassware 2 -38 74.4 
8 Crackers 18 Glassware 2 -36 77.6 
8 Crackers 18 Glassware 3 -50 55.2 
8 Crackers 18 Glassware 3 -50 55.2 
8 Crackers 18 Glassware 3 -56 45.6 
8 Crackers 18 Glassware 3 -56 45.6 
8 Crackers 18 Glassware 3 -56 45.6 
8 Crackers 18 Glassware 4 -50 55.2 
8 Crackers 18 Glassware 4 -50 55.2 
8 Crackers 18 Glassware 4 -56 45.6 
8 Crackers 18 Glassware 5 -39 72.8 
8 Crackers 18 Glassware 5 -48 58.4 
8 Crackers 18 Glassware 5 -48 58.4 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
8 Crackers 18 Glassware 6 -38 74.4 
8 Crackers 18 Glassware 6 -38 74.4 
8 Crackers 18 Glassware 6 -39 72.8 
8 Crackers 18 Glassware 6 -39 72.8 
8 Crackers 18 Glassware 6 -48 58.4 
8 Crackers 18 Glassware 6 -48 58.4 
8 Crackers  30 Coffee Tin 1 -56 45.6 
8 Crackers  30 Coffee Tin 1 -56 45.6 
8 Crackers  30 Coffee Tin 1 -56 45.6 
8 Crackers  30 Coffee Tin 1 -55 47.2 
8 Crackers  30 Coffee Tin 1 -55 47.2 
8 Crackers  30 Coffee Tin 2 -44 64.8 
8 Crackers  30 Coffee Tin 2 -43 66.4 
8 Crackers  30 Coffee Tin 2 -43 66.4 
8 Crackers  30 Coffee Tin 2 -43 66.4 
8 Crackers  30 Coffee Tin 2 -44 64.8 
8 Crackers  30 Coffee Tin 3 -48 58.4 
8 Crackers  30 Coffee Tin 3 -48 58.4 
8 Crackers  30 Coffee Tin 3 -48 58.4 
8 Crackers  30 Coffee Tin 3 -48 58.4 
8 Crackers  30 Coffee Tin 3 -48 58.4 
8 Crackers  30 Coffee Tin 4 -62 36 
8 Crackers  30 Coffee Tin 4 -62 36 
8 Crackers  30 Coffee Tin 4 -62 36 
8 Crackers  30 Coffee Tin 4 -62 36 
8 Crackers  30 Coffee Tin 4 -64 32.8 
8 Crackers  30 Coffee Tin 5 -44 64.8 
8 Crackers  30 Coffee Tin 5 -44 64.8 
8 Crackers  30 Coffee Tin 5 -44 64.8 
8 Crackers  30 Coffee Tin 5 -44 64.8 
8 Crackers  30 Coffee Tin 5 -44 64.8 
8 Crackers  30 Coffee Tin 6 -44 64.8 
8 Crackers  30 Coffee Tin 6 -44 64.8 
8 Crackers  30 Coffee Tin 6 -44 64.8 
8 Crackers  30 Coffee Tin 6 -44 64.8 
8 Crackers  30 Coffee Tin 6 -44 64.8 
8 Crackers  46 Rubber Bands 1 -42 68 
8 Crackers  46 Rubber Bands 1 -41 69.6 
8 Crackers  46 Rubber Bands 1 -41 69.6 
8 Crackers  46 Rubber Bands 1 -41 69.6 
8 Crackers  46 Rubber Bands 1 -41 69.6 
8 Crackers  46 Rubber Bands 2 -38 74.4 
8 Crackers  46 Rubber Bands 2 -38 74.4 
8 Crackers  46 Rubber Bands 2 -38 74.4 
8 Crackers  46 Rubber Bands 2 -38 74.4 
8 Crackers  46 Rubber Bands 2 -39 72.8 
8 Crackers  46 Rubber Bands 3 -48 58.4 
8 Crackers  46 Rubber Bands 3 -48 58.4 
8 Crackers  46 Rubber Bands 3 -48 58.4 
8 Crackers  46 Rubber Bands 3 -48 58.4 
8 Crackers  46 Rubber Bands 3 -48 58.4 
8 Crackers  46 Rubber Bands 4 -48 58.4 
8 Crackers  46 Rubber Bands 4 -48 58.4 
8 Crackers  46 Rubber Bands 4 -48 58.4 
8 Crackers  46 Rubber Bands 4 -48 58.4 
8 Crackers  46 Rubber Bands 4 -48 58.4 
8 Crackers  46 Rubber Bands 5 -42 68 
8 Crackers  46 Rubber Bands 5 -42 68 
8 Crackers  46 Rubber Bands 5 -42 68 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
8 Crackers  46 Rubber Bands 5 -42 68 
8 Crackers  46 Rubber Bands 6 -50 55.2 
8 Crackers  46 Rubber Bands 6 -50 55.2 
8 Crackers  46 Rubber Bands 6 -50 55.2 
8 Crackers  46 Rubber Bands 6 -50 55.2 
8 Crackers  46 Rubber Bands 6 -50 55.2 
8 Crackers  59 Soap 1 -40 71.2 
8 Crackers  59 Soap 1 -41 69.6 
8 Crackers  59 Soap 1 -40 71.2 
8 Crackers  59 Soap 1 -41 69.6 
8 Crackers  59 Soap 1 -40 71.2 
8 Crackers  59 Soap 2 -42 68 
8 Crackers  59 Soap 2 -44 64.8 
8 Crackers  59 Soap 2 -44 64.8 
8 Crackers  59 Soap 2 -44 64.8 
8 Crackers  59 Soap 2 -44 64.8 
8 Crackers  59 Soap 3 -45 63.2 
8 Crackers  59 Soap 3 -49 56.8 
8 Crackers  59 Soap 3 -49 56.8 
8 Crackers  59 Soap 3 -49 56.8 
8 Crackers  59 Soap 3 -49 56.8 
8 Crackers  59 Soap 4 -46 61.6 
8 Crackers  59 Soap 4 -46 61.6 
8 Crackers  59 Soap 4 -46 61.6 
8 Crackers  59 Soap 4 -46 61.6 
8 Crackers  59 Soap 4 -46 61.6 
8 Crackers  59 Soap 5 -43 66.4 
8 Crackers  59 Soap 5 -43 66.4 
8 Crackers  59 Soap 5 -43 66.4 
8 Crackers  59 Soap 5 -44 64.8 
8 Crackers  59 Soap 5 -43 66.4 
8 Crackers  59 Soap 6 -52 52 
8 Crackers  59 Soap 6 -52 52 
8 Crackers  59 Soap 6 -52 52 
8 Crackers  59 Soap 6 -51 53.6 
8 Crackers  59 Soap 6 -52 52 
18 Glassware 0 Pilot Test 0 -47 60 
18 Glassware 0 Pilot Test 0 -47 60 
18 Glassware 0 Pilot Test 0 -47 60 
18 Glassware 0 Pilot Test 0 -46 61.6 
18 Glassware 0 Pilot Test 0 -46 61.6 
18 Glassware 8 Crackers 1 -46 61.6 
18 Glassware 8 Crackers 1 -47 60 
18 Glassware 8 Crackers 1 -46 61.6 
18 Glassware 8 Crackers 1 -47 60 
18 Glassware 8 Crackers 1 -46 61.6 
18 Glassware  8 Crackers 2 -49 56.8 
18 Glassware  8 Crackers 2 -49 56.8 
18 Glassware  8 Crackers 2 -49 56.8 
18 Glassware  8 Crackers 2 -49 56.8 
18 Glassware  8 Crackers 2 -49 56.8 
18 Glassware  8 Crackers 3 -47 60 
18 Glassware  8 Crackers 3 -47 60 
18 Glassware  8 Crackers 3 -47 60 
18 Glassware  8 Crackers 3 -48 58.4 
18 Glassware  8 Crackers 3 -49 56.8 
18 Glassware  8 Crackers 4 -47 60 
18 Glassware  8 Crackers 4 -47 60 
18 Glassware  8 Crackers 4 -48 58.4 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
18 Glassware  8 Crackers 4 -48 58.4 
18 Glassware  8 Crackers 5 -47 60 
18 Glassware  8 Crackers 5 -47 60 
18 Glassware  8 Crackers 5 -47 60 
18 Glassware  8 Crackers 5 -48 58.4 
18 Glassware  8 Crackers 5 -55 47.2 
18 Glassware  8 Crackers 5 -55 47.2 
18 Glassware  8 Crackers 6 -47 60 
18 Glassware  8 Crackers 6 -56 45.6 
18 Glassware  8 Crackers 6 -55 47.2 
18 Glassware  8 Crackers 6 -55 47.2 
18 Glassware  26 Six Pack of Beer 1 -62 36 
18 Glassware  26 Six Pack of Beer 1 -61 37.6 
18 Glassware  26 Six Pack of Beer 1 -62 36 
18 Glassware  26 Six Pack of Beer 1 -57 44 
18 Glassware  26 Six Pack of Beer 1 -57 44 
18 Glassware  26 Six Pack of Beer 2 -62 36 
18 Glassware  26 Six Pack of Beer 2 -62 36 
18 Glassware  26 Six Pack of Beer 2 -57 44 
18 Glassware  26 Six Pack of Beer 2 -56 45.6 
18 Glassware  26 Six Pack of Beer 2 -57 44 
18 Glassware  26 Six Pack of Beer 3 -52 52 
18 Glassware  26 Six Pack of Beer 3 -52 52 
18 Glassware  26 Six Pack of Beer 3 -52 52 
18 Glassware  26 Six Pack of Beer 4 -52 52 
18 Glassware  26 Six Pack of Beer 4 -52 52 
18 Glassware  26 Six Pack of Beer 4 -51 53.6 
18 Glassware  26 Six Pack of Beer 4 -51 53.6 
18 Glassware  26 Six Pack of Beer 4 -52 52 
18 Glassware  26 Six Pack of Beer 4 -52 52 
18 Glassware  26 Six Pack of Beer 4 -51 53.6 
18 Glassware  26 Six Pack of Beer 5 -46 61.6 
18 Glassware  26 Six Pack of Beer 5 -45 63.2 
18 Glassware  26 Six Pack of Beer 5 -46 61.6 
18 Glassware  26 Six Pack of Beer 5 -46 61.6 
18 Glassware  26 Six Pack of Beer 5 -45 63.2 
18 Glassware  26 Six Pack of Beer 6 -59 40.8 
18 Glassware  26 Six Pack of Beer 6 -59 40.8 
18 Glassware  26 Six Pack of Beer 6 -59 40.8 
18 Glassware  26 Six Pack of Beer 6 -59 40.8 
18 Glassware  26 Six Pack of Beer 6 -60 39.2 
18 Glassware  30 Coffee Tin 1 -54 48.8 
18 Glassware  30 Coffee Tin 1 -54 48.8 
18 Glassware  30 Coffee Tin 1 -53 50.4 
18 Glassware  30 Coffee Tin 1 -54 48.8 
18 Glassware  30 Coffee Tin 1 -53 50.4 
18 Glassware  30 Coffee Tin 1 -53 50.4 
18 Glassware  30 Coffee Tin 1 -53 50.4 
18 Glassware  30 Coffee Tin 1 -53 50.4 
18 Glassware  30 Coffee Tin 1 -53 50.4 
18 Glassware  30 Coffee Tin 1 -53 50.4 
18 Glassware  30 Coffee Tin 3 -57 44 
18 Glassware  30 Coffee Tin 3 -57 44 
18 Glassware  30 Coffee Tin 3 -57 44 
18 Glassware  30 Coffee Tin 3 -57 44 
18 Glassware  30 Coffee Tin 3 -57 44 
18 Glassware  30 Coffee Tin 4 -43 66.4 
18 Glassware  30 Coffee Tin 4 -43 66.4 
18 Glassware  30 Coffee Tin 4 -43 66.4 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
18 Glassware  30 Coffee Tin 4 -43 66.4 
18 Glassware  30 Coffee Tin 5 -56 45.6 
18 Glassware  30 Coffee Tin 5 -57 44 
18 Glassware  30 Coffee Tin 5 -56 45.6 
18 Glassware  30 Coffee Tin 5 -57 44 
18 Glassware  30 Coffee Tin 5 -57 44 
18 Glassware  30 Coffee Tin 6 -48 58.4 
18 Glassware  30 Coffee Tin 6 -47 60 
18 Glassware  30 Coffee Tin 6 -48 58.4 
18 Glassware  30 Coffee Tin 6 -48 58.4 
18 Glassware  30 Coffee Tin 6 -47 60 
18 Glassware  46 Rubber Bands 1 -51 53.6 
18 Glassware  46 Rubber Bands 1 -51 53.6 
18 Glassware  46 Rubber Bands 1 -50 55.2 
18 Glassware  46 Rubber Bands 1 -51 53.6 
18 Glassware  46 Rubber Bands 1 -51 53.6 
18 Glassware  46 Rubber Bands 2 -45 63.2 
18 Glassware  46 Rubber Bands 2 -45 63.2 
18 Glassware  46 Rubber Bands 2 -45 63.2 
18 Glassware  46 Rubber Bands 2 -45 63.2 
18 Glassware  46 Rubber Bands 2 -46 61.6 
18 Glassware  46 Rubber Bands 3 -47 60 
18 Glassware  46 Rubber Bands 3 -47 60 
18 Glassware  46 Rubber Bands 3 -47 60 
18 Glassware  46 Rubber Bands 3 -47 60 
18 Glassware  46 Rubber Bands 3 -47 60 
18 Glassware  46 Rubber Bands 4 -51 53.6 
18 Glassware  46 Rubber Bands 4 -51 53.6 
18 Glassware  46 Rubber Bands 4 -51 53.6 
18 Glassware  46 Rubber Bands 4 -51 53.6 
18 Glassware  46 Rubber Bands 4 -51 53.6 
18 Glassware  46 Rubber Bands 5 -41 69.6 
18 Glassware  46 Rubber Bands 5 -40 71.2 
18 Glassware  46 Rubber Bands 5 -40 71.2 
18 Glassware  46 Rubber Bands 5 -40 71.2 
18 Glassware  46 Rubber Bands 5 -40 71.2 
18 Glassware  46 Rubber Bands 6 -41 69.6 
18 Glassware  46 Rubber Bands 6 -40 71.2 
18 Glassware  46 Rubber Bands 6 -40 71.2 
18 Glassware  46 Rubber Bands 6 -40 71.2 
18 Glassware  46 Rubber Bands 6 -40 71.2 
18 Glassware  59 Soap 1 -55 47.2 
18 Glassware  59 Soap 1 -52 52 
18 Glassware  59 Soap 1 -52 52 
18 Glassware  59 Soap 1 -52 52 
18 Glassware  59 Soap 1 -52 52 
18 Glassware  59 Soap 2 -56 45.6 
18 Glassware  59 Soap 2 -55 47.2 
18 Glassware  59 Soap 2 -55 47.2 
18 Glassware  59 Soap 2 -55 47.2 
18 Glassware  59 Soap 2 -51 53.6 
18 Glassware  59 Soap 3 -49 56.8 
18 Glassware  59 Soap 3 -49 56.8 
18 Glassware  59 Soap 3 -49 56.8 
18 Glassware  59 Soap 3 -49 56.8 
18 Glassware  59 Soap 3 -49 56.8 
18 Glassware  59 Soap 4 -56 45.6 
18 Glassware  59 Soap 4 -56 45.6 
18 Glassware  59 Soap 4 -56 45.6 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
18 Glassware  59 Soap 4 -56 45.6 
18 Glassware  59 Soap 5 -58 42.4 
18 Glassware  59 Soap 5 -58 42.4 
18 Glassware  59 Soap 5 -59 40.8 
18 Glassware  59 Soap 5 -58 42.4 
18 Glassware  59 Soap 5 -58 42.4 
18 Glassware  59 Soap 6 -56 45.6 
18 Glassware  59 Soap 6 -57 44 
18 Glassware  59 Soap 6 -56 45.6 
18 Glassware  59 Soap 6 -56 45.6 
18 Glassware  59 Soap 6 -56 45.6 
30 Coffee Tin 0 Pilot Test 0 -84.5 0 
30 Coffee Tin 0 Pilot Test 0 -84.5 0 
30 Coffee Tin 0 Pilot Test 0 -84.5 0 
30 Coffee Tin 0 Pilot Test 0 -84.5 0 
30 Coffee Tin 0 Pilot Test 0 -84.5 0 
30 Coffee Tin  8 Crackers 1 -84.5 0 
30 Coffee Tin  8 Crackers 1 -84.5 0 
30 Coffee Tin  8 Crackers 1 -84.5 0 
30 Coffee Tin  8 Crackers 1 -84.5 0 
30 Coffee Tin  8 Crackers 1 -84.5 0 
30 Coffee Tin  8 Crackers 2 -84.5 0 
30 Coffee Tin  8 Crackers 2 -84.5 0 
30 Coffee Tin  8 Crackers 2 -84.5 0 
30 Coffee Tin  8 Crackers 2 -84.5 0 
30 Coffee Tin  8 Crackers 2 -84.5 0 
30 Coffee Tin  8 Crackers 3 -84.5 0 
30 Coffee Tin  8 Crackers 3 -84.5 0 
30 Coffee Tin  8 Crackers 3 -84.5 0 
30 Coffee Tin  8 Crackers 3 -84.5 0 
30 Coffee Tin  8 Crackers 3 -84.5 0 
30 Coffee Tin  8 Crackers 4 -84.5 0 
30 Coffee Tin  8 Crackers 4 -84.5 0 
30 Coffee Tin  8 Crackers 4 -84.5 0 
30 Coffee Tin  8 Crackers 4 -84.5 0 
30 Coffee Tin  8 Crackers 4 -84.5 0 
30 Coffee Tin  8 Crackers 5 -84.5 0 
30 Coffee Tin  8 Crackers 5 -84.5 0 
30 Coffee Tin  8 Crackers 5 -84.5 0 
30 Coffee Tin  8 Crackers 5 -84.5 0 
30 Coffee Tin  8 Crackers 5 -84.5 0 
30 Coffee Tin  8 Crackers 6 -84.5 0 
30 Coffee Tin  8 Crackers 6 -84.5 0 
30 Coffee Tin  8 Crackers 6 -84.5 0 
30 Coffee Tin  8 Crackers 6 -84.5 0 
30 Coffee Tin  8 Crackers 6 -84.5 0 
30 Coffee Tin  18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 2 -84.5 0 
30 Coffee Tin   18 Glassware 3 -84.5 0 
30 Coffee Tin   18 Glassware 3 -84.5 0 
30 Coffee Tin   18 Glassware 3 -84.5 0 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
30 Coffee Tin   18 Glassware 3 -84.5 0 
30 Coffee Tin   18 Glassware 4 -84.5 0 
30 Coffee Tin   18 Glassware 4 -84.5 0 
30 Coffee Tin   18 Glassware 4 -84.5 0 
30 Coffee Tin   18 Glassware 4 -84.5 0 
30 Coffee Tin   18 Glassware 4 -84.5 0 
30 Coffee Tin   18 Glassware 5 -84.5 0 
30 Coffee Tin   18 Glassware 5 -84.5 0 
30 Coffee Tin   18 Glassware 5 -84.5 0 
30 Coffee Tin   18 Glassware 5 -84.5 0 
30 Coffee Tin   18 Glassware 5 -84.5 0 
30 Coffee Tin   18 Glassware 6 -84.5 0 
30 Coffee Tin   18 Glassware 6 -84.5 0 
30 Coffee Tin   18 Glassware 6 -84.5 0 
30 Coffee Tin   18 Glassware 6 -84.5 0 
30 Coffee Tin   18 Glassware 6 -84.5 0 
30 Coffee Tin  29 Batteries 1 -84.5 0 
30 Coffee Tin  29 Batteries 1 -84.5 0 
30 Coffee Tin  29 Batteries 1 -84.5 0 
30 Coffee Tin  29 Batteries 1 -84.5 0 
30 Coffee Tin  29 Batteries 1 -84.5 0 
30 Coffee Tin  29 Batteries 2 -84.5 0 
30 Coffee Tin  29 Batteries 2 -84.5 0 
30 Coffee Tin  29 Batteries 2 -84.5 0 
30 Coffee Tin  29 Batteries 2 -84.5 0 
30 Coffee Tin  29 Batteries 2 -84.5 0 
30 Coffee Tin  29 Batteries 3 -84.5 0 
30 Coffee Tin  29 Batteries 3 -84.5 0 
30 Coffee Tin  29 Batteries 3 -84.5 0 
30 Coffee Tin  29 Batteries 3 -84.5 0 
30 Coffee Tin  29 Batteries 3 -84.5 0 
30 Coffee Tin  29 Batteries 4 -84.5 0 
30 Coffee Tin  29 Batteries 4 -84.5 0 
30 Coffee Tin  29 Batteries 4 -84.5 0 
30 Coffee Tin  29 Batteries 4 -84.5 0 
30 Coffee Tin  29 Batteries 4 -84.5 0 
30 Coffee Tin  29 Batteries 5 -84.5 0 
30 Coffee Tin  29 Batteries 5 -84.5 0 
30 Coffee Tin  29 Batteries 5 -84.5 0 
30 Coffee Tin  29 Batteries 5 -84.5 0 
30 Coffee Tin  29 Batteries 5 -84.5 0 
30 Coffee Tin  29 Batteries 6 -84.5 0 
30 Coffee Tin  29 Batteries 6 -84.5 0 
30 Coffee Tin  29 Batteries 6 -84.5 0 
30 Coffee Tin  29 Batteries 6 -84.5 0 
30 Coffee Tin  29 Batteries 6 -84.5 0 
30 Coffee Tin  46 Rubber Bands 1 -84.5 0 
30 Coffee Tin  46 Rubber Bands 1 -84.5 0 
30 Coffee Tin  46 Rubber Bands 1 -84.5 0 
30 Coffee Tin  46 Rubber Bands 1 -84.5 0 
30 Coffee Tin  46 Rubber Bands 1 -84.5 0 
30 Coffee Tin  46 Rubber Bands 2 -84.5 0 
30 Coffee Tin  46 Rubber Bands 2 -84.5 0 
30 Coffee Tin  46 Rubber Bands 2 -84.5 0 
30 Coffee Tin  46 Rubber Bands 2 -84.5 0 
30 Coffee Tin  46 Rubber Bands 2 -84.5 0 
30 Coffee Tin  46 Rubber Bands 3 -84.5 0 
30 Coffee Tin  46 Rubber Bands 3 -84.5 0 
30 Coffee Tin  46 Rubber Bands 3 -84.5 0 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
30 Coffee Tin  46 Rubber Bands 3 -84.5 0 
30 Coffee Tin  46 Rubber Bands 4 -84.5 0 
30 Coffee Tin  46 Rubber Bands 4 -84.5 0 
30 Coffee Tin  46 Rubber Bands 4 -84.5 0 
30 Coffee Tin  46 Rubber Bands 4 -84.5 0 
30 Coffee Tin  46 Rubber Bands 4 -84.5 0 
30 Coffee Tin  46 Rubber Bands 5 -84.5 0 
30 Coffee Tin  46 Rubber Bands 5 -84.5 0 
30 Coffee Tin  46 Rubber Bands 5 -84.5 0 
30 Coffee Tin  46 Rubber Bands 5 -84.5 0 
30 Coffee Tin  46 Rubber Bands 5 -84.5 0 
30 Coffee Tin  46 Rubber Bands 6 -84.5 0 
30 Coffee Tin  46 Rubber Bands 6 -84.5 0 
30 Coffee Tin  46 Rubber Bands 6 -84.5 0 
30 Coffee Tin  46 Rubber Bands 6 -84.5 0 
30 Coffee Tin  46 Rubber Bands 6 -84.5 0 
30 Coffee Tin  59 Soap 1 -84.5 0 
30 Coffee Tin  59 Soap 1 -84.5 0 
30 Coffee Tin  59 Soap 1 -84.5 0 
30 Coffee Tin  59 Soap 1 -84.5 0 
30 Coffee Tin  59 Soap 1 -84.5 0 
30 Coffee Tin  59 Soap 2 -84.5 0 
30 Coffee Tin  59 Soap 2 -84.5 0 
30 Coffee Tin  59 Soap 2 -84.5 0 
30 Coffee Tin  59 Soap 2 -84.5 0 
30 Coffee Tin  59 Soap 2 -84.5 0 
30 Coffee Tin  59 Soap 3 -84.5 0 
30 Coffee Tin  59 Soap 3 -84.5 0 
30 Coffee Tin  59 Soap 3 -84.5 0 
30 Coffee Tin  59 Soap 3 -84.5 0 
30 Coffee Tin  59 Soap 3 -84.5 0 
30 Coffee Tin  59 Soap 4 -84.5 0 
30 Coffee Tin  59 Soap 4 -84.5 0 
30 Coffee Tin  59 Soap 4 -84.5 0 
30 Coffee Tin  59 Soap 4 -84.5 0 
30 Coffee Tin  59 Soap 4 -84.5 0 
30 Coffee Tin  59 Soap 5 -84.5 0 
30 Coffee Tin  59 Soap 5 -84.5 0 
30 Coffee Tin  59 Soap 5 -84.5 0 
30 Coffee Tin  59 Soap 5 -84.5 0 
30 Coffee Tin  59 Soap 5 -84.5 0 
30 Coffee Tin  59 Soap 6 -84.5 0 
30 Coffee Tin  59 Soap 6 -84.5 0 
30 Coffee Tin  59 Soap 6 -84.5 0 
30 Coffee Tin  59 Soap 6 -84.5 0 
30 Coffee Tin  59 Soap 6 -84.5 0 
46 Rubber Bands 0 Pilot Test 0 -47 60 
46 Rubber Bands 0 Pilot Test 0 -47 60 
46 Rubber Bands 0 Pilot Test 0 -47 60 
46 Rubber Bands 0 Pilot Test 0 -47 60 
46 Rubber Bands 0 Pilot Test 0 -46 61.6 
46 Rubber Bands  8 Crackers 1 -31 85.6 
46 Rubber Bands  8 Crackers 1 -31 85.6 
46 Rubber Bands  8 Crackers 1 -31 85.6 
46 Rubber Bands  8 Crackers 1 -31 85.6 
46 Rubber Bands  8 Crackers 1 -31 85.6 
46 Rubber Bands  8 Crackers 2 -27 92 
46 Rubber Bands  8 Crackers 2 -27 92 
46 Rubber Bands  8 Crackers 2 -27 92 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
46 Rubber Bands  8 Crackers 2 -28 90.4 
46 Rubber Bands  8 Crackers 3 -46 61.6 
46 Rubber Bands  8 Crackers 3 -46 61.6 
46 Rubber Bands  8 Crackers 3 -46 61.6 
46 Rubber Bands  8 Crackers 3 -46 61.6 
46 Rubber Bands  8 Crackers 3 -46 61.6 
46 Rubber Bands  8 Crackers 4 -47 60 
46 Rubber Bands  8 Crackers 4 -47 60 
46 Rubber Bands  8 Crackers 4 -47 60 
46 Rubber Bands  8 Crackers 4 -47 60 
46 Rubber Bands  8 Crackers 4 -47 60 
46 Rubber Bands  8 Crackers 5 -47 60 
46 Rubber Bands  8 Crackers 5 -48 58.4 
46 Rubber Bands  8 Crackers 5 -48 58.4 
46 Rubber Bands  8 Crackers 5 -48 58.4 
46 Rubber Bands  8 Crackers 5 -48 58.4 
46 Rubber Bands  8 Crackers 6 -34 80.8 
46 Rubber Bands  8 Crackers 6 -34 80.8 
46 Rubber Bands  8 Crackers 6 -34 80.8 
46 Rubber Bands  8 Crackers 6 -34 80.8 
46 Rubber Bands  8 Crackers 6 -34 80.8 
46 Rubber Bands   18 Glassware 1 -42 68 
46 Rubber Bands   18 Glassware 1 -42 68 
46 Rubber Bands   18 Glassware 1 -42 68 
46 Rubber Bands   18 Glassware 1 -42 68 
46 Rubber Bands   18 Glassware 1 -42 68 
46 Rubber Bands   18 Glassware 2 -51 53.6 
46 Rubber Bands   18 Glassware 2 -51 53.6 
46 Rubber Bands   18 Glassware 2 -52 52 
46 Rubber Bands   18 Glassware 2 -51 53.6 
46 Rubber Bands   18 Glassware 2 -52 52 
46 Rubber Bands   18 Glassware 3 -40 71.2 
46 Rubber Bands   18 Glassware 3 -41 69.6 
46 Rubber Bands   18 Glassware 3 -40 71.2 
46 Rubber Bands   18 Glassware 3 -41 69.6 
46 Rubber Bands   18 Glassware 3 -41 69.6 
46 Rubber Bands   18 Glassware 4 -38 74.4 
46 Rubber Bands   18 Glassware 4 -38 74.4 
46 Rubber Bands   18 Glassware 4 -38 74.4 
46 Rubber Bands   18 Glassware 4 -38 74.4 
46 Rubber Bands   18 Glassware 4 -38 74.4 
46 Rubber Bands   18 Glassware 5 -46 61.6 
46 Rubber Bands   18 Glassware 5 -45 63.2 
46 Rubber Bands   18 Glassware 5 -46 61.6 
46 Rubber Bands   18 Glassware 5 -32 84 
46 Rubber Bands   18 Glassware 5 -45 63.2 
46 Rubber Bands   18 Glassware 6 -46 61.6 
46 Rubber Bands   18 Glassware 6 -45 63.2 
46 Rubber Bands   18 Glassware 6 -46 61.6 
46 Rubber Bands   18 Glassware 6 -32 84 
46 Rubber Bands   18 Glassware 6 -45 63.2 
46 Rubber Bands  30 Coffee Tin 1 -40 71.2 
46 Rubber Bands  30 Coffee Tin 1 -39 72.8 
46 Rubber Bands  30 Coffee Tin 1 -41 69.6 
46 Rubber Bands  30 Coffee Tin 1 -40 71.2 
46 Rubber Bands  30 Coffee Tin 1 -40 71.2 
46 Rubber Bands  30 Coffee Tin 2 -42 68 
46 Rubber Bands  30 Coffee Tin 2 -42 68 
46 Rubber Bands  30 Coffee Tin 2 -42 68 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
46 Rubber Bands  30 Coffee Tin 2 -42 68 
46 Rubber Bands  30 Coffee Tin 3 -45 63.2 
46 Rubber Bands  30 Coffee Tin 3 -45 63.2 
46 Rubber Bands  30 Coffee Tin 3 -45 63.2 
46 Rubber Bands  30 Coffee Tin 3 -45 63.2 
46 Rubber Bands  30 Coffee Tin 3 -45 63.2 
46 Rubber Bands  30 Coffee Tin 4 -51 53.6 
46 Rubber Bands  30 Coffee Tin 4 -50 55.2 
46 Rubber Bands  30 Coffee Tin 4 -50 55.2 
46 Rubber Bands  30 Coffee Tin 4 -50 55.2 
46 Rubber Bands  30 Coffee Tin 4 -50 55.2 
46 Rubber Bands  30 Coffee Tin 5 -84.5 0 
46 Rubber Bands  30 Coffee Tin 5 -84.5 0 
46 Rubber Bands  30 Coffee Tin 5 -84.5 0 
46 Rubber Bands  30 Coffee Tin 5 -84.5 0 
46 Rubber Bands  30 Coffee Tin 5 -84.5 0 
46 Rubber Bands  30 Coffee Tin 6 -34 80.8 
46 Rubber Bands  30 Coffee Tin 6 -34 80.8 
46 Rubber Bands  30 Coffee Tin 6 -34 80.8 
46 Rubber Bands  30 Coffee Tin 6 -34 80.8 
46 Rubber Bands  30 Coffee Tin 6 -34 80.8 
46 Rubber Bands  47 Tupperware 1 -29 88.8 
46 Rubber Bands  47 Tupperware 1 -30 87.2 
46 Rubber Bands  47 Tupperware 1 -29 88.8 
46 Rubber Bands  47 Tupperware 1 -29 88.8 
46 Rubber Bands  47 Tupperware 1 -29 88.8 
46 Rubber Bands  47 Tupperware 2 -44 64.8 
46 Rubber Bands  47 Tupperware 2 -46 61.6 
46 Rubber Bands  47 Tupperware 2 -45 63.2 
46 Rubber Bands  47 Tupperware 2 -46 61.6 
46 Rubber Bands  47 Tupperware 2 -45 63.2 
46 Rubber Bands  47 Tupperware 3 -44 64.8 
46 Rubber Bands  47 Tupperware 3 -44 64.8 
46 Rubber Bands  47 Tupperware 3 -44 64.8 
46 Rubber Bands  47 Tupperware 3 -44 64.8 
46 Rubber Bands  47 Tupperware 3 -44 64.8 
46 Rubber Bands  47 Tupperware 4 -36 77.6 
46 Rubber Bands  47 Tupperware 4 -36 77.6 
46 Rubber Bands  47 Tupperware 4 -38 74.4 
46 Rubber Bands  47 Tupperware 4 -36 77.6 
46 Rubber Bands  47 Tupperware 4 -36 77.6 
46 Rubber Bands  47 Tupperware 5 -30 87.2 
46 Rubber Bands  47 Tupperware 5 -31 85.6 
46 Rubber Bands  47 Tupperware 5 -30 87.2 
46 Rubber Bands  47 Tupperware 5 -30 87.2 
46 Rubber Bands  47 Tupperware 5 -31 85.6 
46 Rubber Bands  47 Tupperware 6 -24 96.8 
46 Rubber Bands  47 Tupperware 6 -24 96.8 
46 Rubber Bands  47 Tupperware 6 -24 96.8 
46 Rubber Bands  47 Tupperware 6 -24 96.8 
46 Rubber Bands  47 Tupperware 6 -24 96.8 
46 Rubber Bands  59 Soap 1 -42 68 
46 Rubber Bands  59 Soap 1 -41 69.6 
46 Rubber Bands  59 Soap 1 -41 69.6 
46 Rubber Bands  59 Soap 1 -42 68 
46 Rubber Bands  59 Soap 1 -42 68 
46 Rubber Bands  59 Soap 2 -45 63.2 
46 Rubber Bands  59 Soap 2 -43 66.4 
46 Rubber Bands  59 Soap 2 -44 64.8 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
46 Rubber Bands  59 Soap 2 -43 66.4 
46 Rubber Bands  59 Soap 3 -32 84 
46 Rubber Bands  59 Soap 3 -32 84 
46 Rubber Bands  59 Soap 3 -32 84 
46 Rubber Bands  59 Soap 3 -32 84 
46 Rubber Bands  59 Soap 3 -32 84 
46 Rubber Bands  59 Soap 4 -30 87.2 
46 Rubber Bands  59 Soap 4 -31 85.6 
46 Rubber Bands  59 Soap 4 -30 87.2 
46 Rubber Bands  59 Soap 4 -30 87.2 
46 Rubber Bands  59 Soap 4 -30 87.2 
46 Rubber Bands  59 Soap 5 -58 42.4 
46 Rubber Bands  59 Soap 5 -57 44 
46 Rubber Bands  59 Soap 5 -57 44 
46 Rubber Bands  59 Soap 5 -58 42.4 
46 Rubber Bands  59 Soap 5 -57 44 
46 Rubber Bands  59 Soap 6 -72 20 
46 Rubber Bands  59 Soap 6 -72 20 
46 Rubber Bands  59 Soap 6 -72 20 
46 Rubber Bands  59 Soap 6 -72 20 
46 Rubber Bands  59 Soap 6 -72 20 
59 Soap 0 Pilot Test 0 -75 15.2 
59 Soap 0 Pilot Test 0 -75 15.2 
59 Soap 0 Pilot Test 0 -74 16.8 
59 Soap 0 Pilot Test 0 -74 16.8 
59 Soap 0 Pilot Test 0 -73 18.4 
59 Soap  8 Crackers 1 -84.5 0 
59 Soap  8 Crackers 1 -84.5 0 
59 Soap  8 Crackers 1 -84.5 0 
59 Soap  8 Crackers 1 -84.5 0 
59 Soap  8 Crackers 1 -84.5 0 
59 Soap  8 Crackers 2 -84.5 0 
59 Soap  8 Crackers 2 -84.5 0 
59 Soap  8 Crackers 2 -84.5 0 
59 Soap  8 Crackers 2 -84.5 0 
59 Soap  8 Crackers 2 -84.5 0 
59 Soap  8 Crackers 3 -84.5 0 
59 Soap  8 Crackers 3 -84.5 0 
59 Soap  8 Crackers 3 -84.5 0 
59 Soap  8 Crackers 3 -84.5 0 
59 Soap  8 Crackers 3 -84.5 0 
59 Soap  8 Crackers 4 -84.5 0 
59 Soap  8 Crackers 4 -84.5 0 
59 Soap  8 Crackers 4 -84.5 0 
59 Soap  8 Crackers 4 -84.5 0 
59 Soap  8 Crackers 4 -84.5 0 
59 Soap  8 Crackers 5 -73 18.4 
59 Soap  8 Crackers 5 -84.5 0 
59 Soap  8 Crackers 5 -84.5 0 
59 Soap  8 Crackers 5 -84.5 0 
59 Soap  8 Crackers 5 -84.5 0 
59 Soap  8 Crackers 6 -55 47.2 
59 Soap  8 Crackers 6 -55 47.2 
59 Soap  8 Crackers 6 -55 47.2 
59 Soap  8 Crackers 6 -54 48.8 
59 Soap  8 Crackers 6 -54 48.8 
59 Soap  18 Glassware 1 -73 18.4 
59 Soap  18 Glassware 1 -73 18.4 
59 Soap  18 Glassware 1 -73 18.4 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
59 Soap  18 Glassware 1 -74 16.8 
59 Soap  18 Glassware 2 -73 18.4 
59 Soap  18 Glassware 2 -75 15.2 
59 Soap  18 Glassware 2 -74 16.8 
59 Soap  18 Glassware 2 -74 16.8 
59 Soap  18 Glassware 2 -84.5 0 
59 Soap  18 Glassware 3 -84.5 0 
59 Soap  18 Glassware 3 -84.5 0 
59 Soap  18 Glassware 3 -84.5 0 
59 Soap  18 Glassware 3 -84.5 0 
59 Soap  18 Glassware 3 -84.5 0 
59 Soap  18 Glassware 4 -84.5 0 
59 Soap  18 Glassware 4 -84.5 0 
59 Soap  18 Glassware 4 -84.5 0 
59 Soap  18 Glassware 4 -84.5 0 
59 Soap  18 Glassware 4 -84.5 0 
59 Soap  18 Glassware 5 -70 23.2 
59 Soap  18 Glassware 5 -70 23.2 
59 Soap  18 Glassware 5 -71 21.6 
59 Soap  18 Glassware 5 -69 24.8 
59 Soap  18 Glassware 5 -70 23.2 
59 Soap  18 Glassware 6 -61 37.6 
59 Soap  18 Glassware 6 -62 36 
59 Soap  18 Glassware 6 -61 37.6 
59 Soap  18 Glassware 6 -61 37.6 
59 Soap  18 Glassware 6 -61 37.6 
59 Soap  30 Coffee Tin 1 -84.5 0 
59 Soap  30 Coffee Tin 1 -84.5 0 
59 Soap  30 Coffee Tin 1 -84.5 0 
59 Soap  30 Coffee Tin 1 -84.5 0 
59 Soap  30 Coffee Tin 1 -84.5 0 
59 Soap   30 Coffee Tin 2 -73 18.4 
59 Soap   30 Coffee Tin 2 -73 18.4 
59 Soap   30 Coffee Tin 2 -73 18.4 
59 Soap   30 Coffee Tin 2 -73 18.4 
59 Soap   30 Coffee Tin 2 -73 18.4 
59 Soap   30 Coffee Tin 3 -73 18.4 
59 Soap   30 Coffee Tin 3 -73 18.4 
59 Soap   30 Coffee Tin 3 -74 16.8 
59 Soap   30 Coffee Tin 3 -73 18.4 
59 Soap   30 Coffee Tin 3 -73 18.4 
59 Soap   30 Coffee Tin 4 -71 21.6 
59 Soap   30 Coffee Tin 4 -69 24.8 
59 Soap   30 Coffee Tin 4 -71 21.6 
59 Soap   30 Coffee Tin 4 -70 23.2 
59 Soap   30 Coffee Tin 4 -71 21.6 
59 Soap   30 Coffee Tin 5 -84.5 0 
59 Soap   30 Coffee Tin 5 -84.5 0 
59 Soap   30 Coffee Tin 5 -84.5 0 
59 Soap   30 Coffee Tin 5 -84.5 0 
59 Soap   30 Coffee Tin 5 -84.5 0 
59 Soap   30 Coffee Tin 6 -84.5 0 
59 Soap   30 Coffee Tin 6 -84.5 0 
59 Soap   30 Coffee Tin 6 -84.5 0 
59 Soap   30 Coffee Tin 6 -84.5 0 
59 Soap   30 Coffee Tin 6 -84.5 0 
59 Soap  46 Rubber Bands 1 -74 16.8 
59 Soap  46 Rubber Bands 1 -75 15.2 
59 Soap  46 Rubber Bands 1 -74 16.8 




Tag Number Tag Name  Counterpart Counterpart Name Position Signal Strength Percent Signal Strength 
59 Soap  46 Rubber Bands 1 -84.5 0 
59 Soap  46 Rubber Bands 2 -84.5 0 
59 Soap  46 Rubber Bands 2 -84.5 0 
59 Soap  46 Rubber Bands 2 -84.5 0 
59 Soap  46 Rubber Bands 2 -84.5 0 
59 Soap  46 Rubber Bands 2 -84.5 0 
59 Soap  46 Rubber Bands 3 -72 20 
59 Soap  46 Rubber Bands 3 -72 20 
59 Soap  46 Rubber Bands 3 -73 18.4 
59 Soap  46 Rubber Bands 3 -73 18.4 
59 Soap  46 Rubber Bands 3 -72 20 
59 Soap  46 Rubber Bands 4 -84.5 0 
59 Soap  46 Rubber Bands 4 -84.5 0 
59 Soap  46 Rubber Bands 4 -84.5 0 
59 Soap  46 Rubber Bands 4 -84.5 0 
59 Soap  46 Rubber Bands 4 -84.5 0 
59 Soap  46 Rubber Bands 5 -84.5 0 
59 Soap  46 Rubber Bands 5 -84.5 0 
59 Soap  46 Rubber Bands 5 -84.5 0 
59 Soap  46 Rubber Bands 5 -84.5 0 
59 Soap  46 Rubber Bands 5 -84.5 0 
59 Soap  46 Rubber Bands 6 -54 48.8 
59 Soap  46 Rubber Bands 6 -54 48.8 
59 Soap  46 Rubber Bands 6 -54 48.8 
59 Soap  46 Rubber Bands 6 -54 48.8 
59 Soap  46 Rubber Bands 6 -54 48.8 
59 Soap  56 Mouthwash 1 -73 18.4 
59 Soap  56 Mouthwash 1 -73 18.4 
59 Soap  56 Mouthwash 1 -72 20 
59 Soap  56 Mouthwash 1 -73 18.4 
59 Soap  56 Mouthwash 1 -72 20 
59 Soap  56 Mouthwash 2 -84.5 0 
59 Soap  56 Mouthwash 2 -84.5 0 
59 Soap  56 Mouthwash 2 -84.5 0 
59 Soap  56 Mouthwash 2 -84.5 0 
59 Soap  56 Mouthwash 2 -84.5 0 
59 Soap  56 Mouthwash 3 -71 21.6 
59 Soap  56 Mouthwash 3 -70 23.2 
59 Soap  56 Mouthwash 3 -71 21.6 
59 Soap  56 Mouthwash 3 -69 24.8 
59 Soap  56 Mouthwash 3 -69 24.8 
59 Soap  56 Mouthwash 4 -70 23.2 
59 Soap  56 Mouthwash 4 -70 23.2 
59 Soap  56 Mouthwash 4 -71 21.6 
59 Soap  56 Mouthwash 4 -71 21.6 
59 Soap  56 Mouthwash 4 -70 23.2 
59 Soap  56 Mouthwash 5 -84.5 0 
59 Soap  56 Mouthwash 5 -84.5 0 
59 Soap  56 Mouthwash 5 -84.5 0 
59 Soap  56 Mouthwash 5 -84.5 0 
59 Soap  56 Mouthwash 5 -84.5 0 
59 Soap  56 Mouthwash 6 -72 20 
59 Soap  56 Mouthwash 6 -73 18.4 
59 Soap  56 Mouthwash 6 -72 20 
59 Soap  56 Mouthwash 6 -72 20 




Appendix H. Location Test Welch’s T-Test Results 
Item Position Delta MPSS  p-value Statistically 
3 11 0.64  2.43E-01 Indeterminant 
3 12 -7.04  2.91E-07 Worse 
3 13 -3.52  3.88E-04 Worse 
3 14 12.48  2.58E-06 Better 
3 15 2.88  8.44E-04 Better 
3 16 12.48  2.58E-06 Better 
3 21 20.48  3.57E-07 Better 
3 22 23.68  2.00E-07 Better 
3 23 17.28  7.04E-07 Better 
3 24 31.68  6.24E-08 Better 
3 25 14.08  1.60E-06 Better 
3 26 18.88  4.94E-07 Better 
3 31 9.28  8.42E-06 Better 
3 32 6.08  4.52E-05 Better 
3 33 18.88  4.94E-07 Better 
3 34 28.48  9.56E-08 Better 
3 35 9.28  8.42E-06 Better 
3 36 14.08  1.60E-06 Better 
27 11 40.32  2.38E-08 Better 
27 12 33.92  4.75E-08 Better 
27 13 49.92  1.01E-08 Better 
27 14 40.32  2.38E-08 Better 
27 15 49.92  1.01E-08 Better 
27 16 49.92  1.01E-08 Better 
27 21 27.52  1.10E-07 Better 
27 22 29.12  8.74E-08 Better 
27 23 45.12  1.52E-08 Better 
27 24 38.72  2.80E-08 Better 
27 25 37.12  3.31E-08 Better 
27 26 24.32  1.80E-07 Better 
27 31 30.72  7.06E-08 Better 
27 32 24.32  1.80E-07 Better 
27 33 49.92  1.01E-08 Better 
27 34 35.52  3.95E-08 Better 
27 35 22.72  2.36E-07 Better 
27 36 38.72  2.80E-08 Better 
29 11 -5.76  6.06E-03 Worse 
29 12 -8.96  1.17E-03 Worse 
29 13 -4.8  8.72E-03 Worse 
29 14 10.56  3.33E-04 Better 
29 15 13.12  1.25E-04 Better 
29 16 -13.44  1.12E-04 Worse 
29 21 21.44  3.87E-05 Better 
29 22 10.24  7.03E-04 Better 
29 23 29.44  1.10E-05 Better 
29 24 19.84  5.27E-05 Better 
29 25 3.84  2.40E-02 Better 
29 26 -0.96  4.26E-01 Indeterminant 
29 31 24.64  2.23E-05 Better 
29 32 21.44  3.87E-05 Better 
29 33 37.44  4.21E-06 Better 
29 34 21.44  3.87E-05 Better 
29 35 11.84  4.01E-04 Better 
29 36 13.44  2.44E-04 Better 
47 11 15.04  2.75E-06 Better 
47 12 11.84  7.15E-06 Better 




Item Position Delta MPSS  p-value Statistically 
47 14 0.64  1.78E-01 Indeterminant 
47 15 24.64  3.83E-07 Better 
47 16 23.04  5.01E-07 Better 
47 21 13.44  4.31E-06 Better 
47 22 8.64  2.51E-05 Better 
47 23 21.44  6.68E-07 Better 
47 24 0.64  1.78E-01 Indeterminant 
47 25 11.84  7.15E-06 Better 
47 26 27.84  2.35E-07 Better 
47 31 29.44  1.88E-07 Better 
47 32 13.44  4.31E-06 Better 
47 33 31.04  1.52E-07 Better 
47 34 18.24  1.28E-06 Better 
47 35 34.24  1.03E-07 Better 
47 36 29.44  1.88E-07 Better 
56 11 5.12  3.14E-02 Better 
56 12 9.6  3.88E-03 Better 
56 13 -0.64  7.15E-01 Indeterminant 
56 14 2.56  1.88E-01 Indeterminant 
56 15 12.16  1.14E-03 Better 
56 16 -1.6  3.74E-01 Indeterminant 
56 21 8.96  3.01E-03 Better 
56 22 14.4  8.44E-04 Better 
56 23 3.2  1.16E-01 Indeterminant 
56 24 6.4  1.61E-02 Better 
56 25 12.8  1.32E-03 Better 
56 26 -4.8  3.99E-02 Worse 
56 31 -9.6  3.88E-03 Worse 
56 32 -3.2  1.16E-01 Indeterminant 
56 33 1.6  3.74E-01 Indeterminant 
56 34 4.48  4.74E-02 Better 
56 35 5.12  3.14E-02 Better 
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